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A  program  to  develop  and  advance  tbm  Zrchoolagj  agedad  for  practical 
colloid  p  copula  loo  flight  ay  a  Lam  la  described.  A  IOO-- alcropoond , 
1500-aecocd  specific  Lapulse ,  vector able  colloid  thraetar  cooc*p :  has 
b*«a  developed  aod  tested.  Several  nantrallxer  concepts  and  their 
Infractions  vith  Mv*  colloid  bean  plasma  potential  •;*  discsnaacU 

Olract  throat  measorenenta  turro  baas  corrals  tad  with  tlaa—c' -flight 
calculations  for  various  100-oicropouad  colloid  throstar  concepts. 

Several  propa 1 last a ,  including  liquid  aatals,  have  been  lava* tigji tad . 

The  feasibility  of  pula ad  and  AC  colloid  propula ion  had  baao  lav.  a t l^a tad . 
Various  aingle-naedla  colloid  experiments  were  parfon tad. 

A  preliminary  power  conditioning  approach  for  a  1  -aillipcaiat  , 
orthogonally  throat  vactorabla  colloid  ay a ten  haa  been  develop ad . 

The  anticipated  wf f acta  of  synchronous  orbit  aolar  radiation  on  c-aadle 
operating  tenparatura  have  been  examined. 


Preceding  Page  Blank 


ill 


BEST  AVAILABLE  COPY 


stocul  Rn 


All  nwltt  ywMBtri  la  chi*  report ,  nltM  othanrlaa  atat*d,  • 

are  Waeod  oa  tlmi-of-f light  naaoureaes  ta.  The**  *ea*ara*nnca  are 

dm4  to  tolciiU  -  *  throat,  epee If lc  lapmla*.  char**- to-***#  ratio*.  , 

**a#  flow  and  thru* ter  efficiency.  Tba  efficiency  la  thia  ca**  la 

d«fland  aa  T 2/?  tP  «b*t*  T  and  1  are,  teepactively ,  the  throat  and 

mm  t  lam  recult  log  f  ran  th*  tln*-of-f  light  calculation*  and  t  la  th* 

product  of  th*  applied  oaad la  voltage  tine*  th*  entrant  *nppll*d  to  th* 

threa tar .  Th*  tlne-of -flight  calcmlatloea  neglect  th*  *f  facta  of 

bean  ap read  and  an  approxlnata  400—rolt  lnj*  la  th*  aprayiag  proceaa . 

Th*  oonhlaad  line  curacy  dn*  to  th**a  tno  offccta.  ehlch  la  lnpractlcal 
to  noaowr*  la  ench  aotporl— t,  la  believed ,  on  th*  he* la  of  periodic 
axparlnamtal  observation*  of  h*an  spread,  to  ho  Lom  than  10Z.  For 
farther  evidence  la  thia  respect ,  the  reader  la  referred  to  th* 
corrclacloo  cf  clne-of- flight  data  with  direct  threat  and  — «  float 
nuamnii  presented  la  Sect  la*  S  of  thia  report . 
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<Q/X) 

equate  root a  of  the  charge  to 


ratio 


electrical  reelateoca  along  entire  length  of  eepcy 
tube  (Co  experiment) 


reeletence  along  entire  tube 
vlth  Ca 


length  L*  la  fill ad 


reeletamee  along  langth  of  filled  aectloa  (Ca  axperlnaaet) 
reelataoca  along  langth  of  nafllled  aectloa  (Ca  axperlaanc) 
threat 

tlee  of  flight 


tl 


■ttiMK 


< 


KMDKUTVU  (Coatlouorf) 


Oofloctor  *l*ctro4«  voitofo 
•ourco  mWU  volts*# 
ait  roc tor  voltofo 

resistivity  of  stolalooo  stool  (Co  oxporljMii-) 
roolstlvtty  c/  cool*  (Co  rrporlmat) 


l.  umwoccn*  ajn  Ram&xt 


TB#  iytmm,  jndsr  Air  Fore*  Afro  Ftopwlaloe  Laker  story 
uW  sponsorship,  la  engaged  la  the  tyetsaatl*  analysis  and  iurrvett- 
gatino  of  charged  drop  late,  or  colloids,  ss  c  fora  of  electrls  p  repel  si-x?. 
These  efforts.  Initially  of  a  physical  research  nature,  lure  px^c m4*d 
to  the  pciat  vtosre  the  fsaslbtllty  of  colloid  drrlcsc  oaa  bevw  deaom- 
s '.rated.  Concurrest  vith  the  techno logical  achiewsswata,  r'ateaw 
studies  and  analyses  have  been  condacted,  aader  koti  Air  Fore*  sad  78 
support,  chat  haw*  daarly  Indicated  aa  area  of  statlomkaaplag  sad 
spacecraft  control  where  colloid  propalal'^w  Is  seeded..  The  yraacat 
progima,  "Charged  Drop  1st  llactroatatlc  TUi-neter  System# hoe  baaa 
directed  towards  farther  advancing  tha  stendad  tocfcmo S  »?gy .  TStia  report 
describes  sm  siwnarixea  the  specific  rnnet  performed  cm  nitLt  program 
conducted  under  Contract  ?')  3615—6  9-C- 1754  during  tha  period  1  Jmouay  lf*i9 
through  30  January  1970. 

Tha  work  performed  eaccmpaaeaa  all  arms*  related  to  the  develop¬ 
ment  of  practical  colloid  flight  'ey* taw*,  in  brief,  these  *cr«*e 
included  thruster  neutralisation,  feed  syatwt,  power  toad.4 tinning 
propellant  and  fabrication  techno logy ,  Additional  «*..ri»®atAl  work 
vac  performed  with  AC  and  pulsed  colloid  three t a- a ,  liquid  natal 
source*,  annular  and  linear  ellt  thru* taro,  threat  vectoring  g*c«wtrl.ma, 
mad  ftirmet  throat  mamnrr— meta.  Ae  part  of  Jtla  program,  a  special 
one-velum*  study  entitled  "Hiss ion  emd  Spacecraft  Interface  ae>?jwT renest 
for  Secondary  Propulsion  Subsystems  and  Their  lapact  on  Colloid  Syotenm” 
has  been  published  under  aeperat a  cower.  The  objectives  of  ti.i#  scurfy 
ware  to;  (1)  select  possible  Air  Force  satellite  missions  mtd  Indicate 
colloid  applicability;  (2)  determine  Interfaces  that  exist  for  s  colli  Id 
aacondaxy  propulsion  subsystem  (STS)  darlog  integration  aboard  «,  fscwrm 
Air  Force  satellite;  and  (3)  evaluate  there  laterface# ,  Indicating 
the  erase  In  which  efforts  should  be  coocrw crated  daring  the  next  pfessm 
of  colloid  develop  went. 

In  the  present  volume.  Section  2  describe*  thrust  vectoring 
experlmeu  .a  designed  to  dawenetrate  the  feasibility  of  lWr-eecossd 
specific  Impulse  vectored  operation  Secii-ou  3  describes  single  asedle 
loves tlgat loos  of  new  needl^  designs,  the  wee  nt  tuagstca  swudlee  mad 
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the  effaces  of  p^Mp  oil  contaudnatloa  on  needle  operation.  Sect las  4 
diecueee*  the  uee  of  bar*  tungsten  and  actlvat ad  neutralizers.  The- 
eratlcal  and  sxperlnental  datarairetlona  of  the  plaana  potential  dis¬ 
tribution  In  the  vicinity  of  a  colloid  throe  ear  are  praaantad. 
hoklau  aaaoclatad  with  neutrslixar  contamination  la  a  cloaad  eye tea 
colloid  taac  tmi l nraaat  era  also  die  cue  end. 

Section  S  describes  the  development  and  testing  of  a  near  colloid 
faad  aye tea  which  utlllata  the  absorptive  p rope rt lea  of  zeolite  aa  a 
praaawrant  regulator .  This  coocapt  allow*  cootlouowa  faad  preeevre 
cootrol  over  tba  entire  preeeun  range  hatwaan  aoraal  faad  danen 4  and 
aero  pressure.  4 a  a  result,  lc  la  now  poaalbla  to  (1)  Maintain 
constant  oonlnal  faad  pressure  throughout  a  nlaaloa,  (2)  utilise 
£w pad  praasura  control  to  coa^anaata  for  thro* Car  t ai^era tare  warlatlooa 
mi  various  throttling  requirements,  and  (3)  i, imaii*  zero  presaure 
for  velvelees  turnoff. 

faction  6  daacrlbea  the  development  and  tasting  of  a  nominal 
liXMaitfopoond  thruat,  sectoral)  le,  1300- second  epee  If  If  Impulse 
eh  rue  car  aodula.  Section  ?  dlacuaaea  the  expect  ad  oaadla  Canparatura 
rarl^tlono  due  to  aolar  radiation  and  energy  laaa  dlaaipatloo  at 
Typical  operation  levels  a  synchro*.  '  orbit.  Section  8  describe* 
and  correlates  alnulcaoaoua  tine-«f- flight  and  throat  naaeurananta 
performed  for  three  dlffarant  I  OO-ni  c  ropound  throe  ter  concept  a  developed 
in  tit*  *j» area  of  this  progran. 

Section  8  describee  axparlnaata  with  propallaata  other  than  the 
casnreAstioaal  sodium  lodlde-glycarol  solution.  Specific  propallaata 
dee cribad  Inducts  potzaaiun  Iodide— g ly carol ,  a  mixture  of  aodlua  and 
cwetu»  Lot] id***  in  glycerol,  liquid  gallltm  and  liquid  caalun.  Section 
10  diacmuwm  power  conditioning  concept  a  for  a  1-nl  111  pound,  orthogonally 
tbrwc  vmctdrable,  1500* aacood  apaclflc  Impulse  colloid  chruater  flight 
eye ttm  and  praaente  preliainaxy  weight,  alsa,  reliability  and 
efficiency  ee cine tea.  Section  11  daacrlbea  experiment a  with  AC  and 
f«l»ed  colloid  thrusters  aed  dlacuaaea  faaaibllity  considerations  for 
theme  two  techniques.  Section  12  preaanta  the  reawl ta  of  a  major  pro¬ 
gram  sob-eta*.,  the  dewlopmaat  of  *arloue  aannlar  and  linear  allc  geonatry 
concept#. 


2.  mu«T  ncrotiK 


Thra«C  rector  Inf  experiment*  *cre  performed  rlth  both  the  iteWiri 
need lea  (14-nil  1 .0. )  end  the  Large  annelar  Mediae  (90-mil  rim  diameter). 
Thame  experiments  led  to  the  development  of  the  M  needle  tbr-vet -vectored  la 
nodule,  sod  the  d-aawnl  a  r  ■needle  tb met -race ornhle  me  dele.  .  m  feeler 
needle  thruet  recto ring  le  dlecneeed  in  a  eeperste  eectioe  en  ellt  mrk. 

The  goal  of  lnereteing  specific  lap  alee  to  1300  encomia  nee  made 
area  more  difficult  by  the  aleultameoue  threat  vectoring  re^ulrunamC . 

Since  e  1000  eccood  ractorable  nodule  «ne  developed  and  tented  during 
the  preceding  contract,  the  33  needle  nodule  nee  et  first  proponed  wring 
this  seam  geometry.  Through  experiment  melon  vita  single  need i a  thruet 
vectoring  arrangement  a ,  several  ana  1 1  but  very  Important  go.  cry  chengan 
•ere  incorporated  Into  Che  design.  The  ran nltlng  geometry  (Figure  2-Lb) 
ee riif.  poeelble  long-tarn  1300-eecond  operation  at  higher  threats  them  ted 
been  prevlouely  attained  beceuee  (1)  the  deflector:  electro  dee  re  Paced  the 
field  at  the  oeedlee.  thereby  permitting  high  voltage  operation;  and  (2) 
the  deflector-extractor  geometry  prevented  eecomUry  electron  bombardment 
of  tha  needle,  thereby  eliminating  ter  bull  dap  ehlch  ham  boon  the  major 
ceuee  of  life  teat  failure  end  performance  degmdalon.  d  record  ed  the 
more  iaportant  experiment  a  amd  the  maul  ting  darlge  nedlf  lcniieme  le 
presented  helou. 

2.1  m  6904-01.  raXLOmUIT  SIKU-4IBU  HWIMI 

Thla  one  the  first  run  la  vhlcb  It  nan  penniblm  to  operate  fee 
nxtemded  periods  at  I  'a  of  1500  aaconda  In  the  thront  raet suable 
configuration  (Figure  le.).  Ten  earlier  ran  rendered  uten  electron 
eel  avion  from  the  extractor  to  the  deflector  elarrrndan  became  a  problem 
The  canon  of  this  enineiom  nee  polish  ,ng  compound  emferial  left  In  bigh 
f  lei  do  region*  vC  the  underside  of  the  extractor  bale.  The  pi  aline  nee 
eliminated  by  carefully  cleaning  theme  eurfeens. 


I 

4 


f tc*r*  1.  (loop*  Is  TVr**t  Tsetoria*.  lolli  extractor  Caosscry 

Doris*  tfto  C  ftowr*  ths  rss  sas  «ri«r  oftoo-*ot  t  am ,  it  rss  *ory  soil. 

At  12.ft  k*  os  tbs  im£1«  sad  is  fl  set  or*  mod  -1.23  b  am  ths  tftrsrtor, 
I^'*  o <  UOO  Mccali,  tknst*  of  2. ft  sift,  mod  sfflclosclo*  ot  751  mi 
ilT>fnl  Tba  bass  wo*  *sc*or»4  by  si<1f  mod  ssfccrsctls*,  rolsClv*  to 
Cfta  mmU*  potaat  1*1  ,  i  ft*.  TVi*  frodmemd  *  total  Amt  lsetlos  ot  t  Aa*r*»**. 
Tft*  mr [Homme,  mom  Left  to  ns  <mr*l*br  ta  tb*  ractorod  m*d*.  Tft*  *ntt 
—i  ■  1  tft*  mmmLI*  ***  tammd  to  ft*  obortaa  to  eft*  las*  pool Cl**  deflector 
ftscrasm  of  tar  sec—  1  ■tlo*.  Tbis  rapid  tax  ftoildop  ladlcatod  «  sosd 
fax  ssr*  tftoT*o*ft  la*atl*atlsa  of  *aadl*~~d*  fisc  tor  sad  axtxsctor  fuastry 
is  fatvn  «9*rlssti.  Th*  ns  prrnvd  tkst  volts***  of  10  to  *  cot  14 
fts  saad  os  efts  sssils  to  yrndsr*  I  '»  of  1300  —caads  or  (TMi.r  *b*s  tho 
dsflsc'or  *lsetr*das  sor*  biased  oysastrl  tally  arosad  tbs  ***dl*  yotastlal. 
Tftls  rmlst ' osoftlp  bats***  saadl a  aad  ftsf  lector  alsctrod#  volta***  ft**  ftsas 
osad  Is  *11  ssccaaHs*  ease*. 


t 
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2.2  BJ»  6904-03.  U0  VCCU,  1300-SIC0®  I  .  %  3  slk/nXBLX 

la  chi*  experlasaC  Cb*  wedls  and  deflector  electrode*  were  —  »*d 
forward  *o  Chat  C Nay  wars  aoueted  flask  wick  tL»  !«c*  of  tbs  atractor 
fisc*.  Tbs  beveled  edge  os  tbs  doses trass  aids  of  tbs  extractor  bsla 
’ana  » limine cad.  Instead,  tbs  top  sad  bet  to*  edges  of  tbs  1/S  lack 
extractor  bole  were  reminded  * oat  slightly  to  ellsiaeta  sharp  edges, 
figure  1  above  tba  old  ead  a *v  fastry.  Tba  old  geesatry  ms  believed 
to  be  the  aejor  reuse  of  Car  formetioa  alecs  secondary  electross  cosing 
fro*  tbe  beveled  surface  of  the  extractor  bale  ear*  able  to  strike  tba 
needle.  This  roa  ienocte Crated  that  changing  tba  geoascry  aa  described 
mold  eliminate  ter  forest Um.  During  30  '  era  of  thl*  net,  tbe  aaadle 
ms  vectored  u p  3*  aad  dews  5".  At  other  else*,  tba  aeedla  deflector 
electrodes  Mrs  connected  to  e  coaaeos  poser  supply  to  perslt  tsag  arises 
with  tbia  conf lgurailou  and  tin  accel  coaf lgaxatloa  (without  split 
electrode*)  reed  la  a  591-hour  6  media  ran,  bo .  69u3-0l.  (See  Sect t_u  t 
for  a  daacript  too  of  this  run). 

Tn  th  *  ueweetored  ends,  tba  needle  was  kept  at  11.7  kv  and  tbe 
deflector  electrode#  at  12*6  kv.  figur*  2  above  probe  cur  rant  wr*ue 
probe  position  aa  it  was  aoed  perpeodlcalerly  doww  through  tbe  been.  The 
bigbast  currwac  density  is  oa  tba  periphery  of  the  baaa.  This  bellow 
bees  bad  a  spread  of  +13*.  Uba*  tbe  aeedla  and  deflector  electrodes  were 
cones  ct  ad  to  a  c  owe  os  poser  supply,  tbs  bass  harass  sore  anifors  wit  hie 
tba  13*  cose.  Ac  carat  a  probe  date  of  tbs  outer  edges  of  tbe  bees  could 
sot  be  ofct jtiswd  because .  at  tbs  probe  location,  tbe  outer  limits 
at  cashed  the  Id- loch  teak  disaster.  Ties  of -flight  decs  f  roe  this  rue 
Is  recorded  chronologically  la  Table  2-1. 

This  roa  a  bowed  high  T^,  and  long  Cere  ovaratlou  wav  possible  with 
higher  efficiencies  ead  thrust  then  bad  previously  hues  possible  we  leg 
cbe  old  needle-extractor  ga  react  ry  (without  w.ctor  elect  rodeo' .  Tor  this 
t —  nm — n  .  tbs  design  was  used  Is  tbe  34-  -media  nodule.  The  final  uodul- 
prrforasace  coaf  1  reed  the  results  obceiaad  is  tba  a  lag  la  needle  thrust 
vectoring  experlsasts. 
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2.3  KLS  6911-02.  36-KUOl  TMUST  TZCTOUJK  WOOIX 


During  the  iOOO-bcrux  cast ,  chin  eodwle  m  vacun4  either  op  « 
don  for  purled*  of  op  to  200  hours  la  dcratloe.  Figure  2  Aom  the 
vectored  bum  la  thru*  pouldoas:  up  7  dagrem,  down  6  degrees,  sad 
straight  oo.  Thu  vectored— up  and  the  on-vectored  p'cturws  <xr«  takas  at 
210  ooura.  The  use  to  red-  down  picture  was  takas  at  300  hours.  Thu 
eaxlatue  attainable  -motoring  during  this  teat  was  approximately  >10*. 
honest  r,  performance  at  thasu  angles  was  too  oust  able  Co  *llc”» 
poo  tog  rap  ha  to  bu  takes. 

During  tha  first  930  hours  of  tb*  run  thara  vaa  no  performance 
degradation  and  only  after  a  catastrophic  sue  vaa  arc  Idas  t  at  930  ‘.ourt , 
during  which  time  half  of  cram  deflector  <1  act  root  wee  burned  any  ,  did 
any  change  occur  In  performance  or  thrust  vectoring  ability.  It  appears 
that  tha  deflector  electrode*  provided  protection  for  the  neudlaa  t  row 
electron  bonhardmtet.  a a  tea  abeam  in  the  earlier  tingle  ooadlt  taste. 
Otharwlau.  Chore  would  hate  been  tar  buildup  nod  a  drop  In  performance 
aa  tint  progressed.  Thla  protection  vaa  alao  evidenced  In  th*  591-hotir, 
6— needle  run.  During  the  36-aeed.le  test,  there  was  electron  emission 
current,  at  times  aa  high  aa  35  usnp,  coning  f  row  tha  extractor.  The 
del  lector  elect  rode*  adsorbed  mat  of  this  current  and  prewanted  the 
electrons  from  polymrlx,rig  the  propellant  oe  the  anadlts  daring  the 
run.  0a  the  debit  side,  thrust  vectoring  complicated  eodul*  fahrlcatlc*. 
The  spacing  he mean  tbs  ami  lector  electrode  supports  and  tha  extractor 
haul  to  he  Increased,  but  omission  current  still  became  a  problem  aa  a 
film  of  ant* rial  coated  the  extractor  (Section  6).  It  la  very  likely 
that  had  a  non— v-sc  tor  able  geometry,  similar  to  that  wend  la  the  591-honr. 
6  tee  die  taut,  hues  alao  used  la  thla  taat,  those  cantata  would  noc 
have  occurred. 

The  net  result  of  chute  tsrllar  experiments  and  the  life  teat  am 
that,  while  electro  static  thru.it  vectoring  at  111  hne  certain  problem 
related  to  environment  (l.a.,  the  electron  seise  Ion  currents),  the 
concept  la  feasible  and  tan  vector  beam  through  a  total  angle  of  at 

least  13  degrees  (aa  was  done  In  the  Ufa  Cast)  at  1  'a  la  the  l40O-to 

•? 

1500 second  range  for  periods  of  operation  la  exceee  of  1000  hour*. 
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).  tiKU  mat  mmn 


Slagle  aaadla  r«>nrd>  «n  aoed  to  la-reetigeta  a aar  aaadla  dealgac. 

■tWr  the  of  facta  of  ncwa  mtaa  otla  oa  aaadla  aauaHUtT,  aad 
determine  tha  perforaaaca  of  Tario—  propel  leer  a.  The  raaaaTcH  aa  pro¬ 
pellants  la  dlacvaaed  la  Sactloe  9.  law  aaadla  dual  fa  aad  Dm  affect 
of  faa  olla  am  aaadla  parforaaaca  ara  dlatawad  WIow. 

3.1  sikxi  inxi  cicurntr  jnnn 

Two  ooedl#  type*  ware  a  tad  lad :  oaa  oaa  as  accal  daaiga  Oar  l  rod  fraa 

tha  thrust  sectoring  giaaatry  aad  tha  ocher  oaa  a  coal  cal  teagataa 
■Madia.  (Tha  tara  ’’accal1*  deaetee  tha  oaa  wt  aa  addle loaal  field  radar  lug 
« lac trod#  arovad  tha  aaadla  to  alio*  operetloa  at  higher  oat  areal,  rat  lea 
rol  tagoa . )  4a  additional  alagla  aaadla  eaperlaeat  with  a  aaadhlaeted  Me 
la  daacMbed.  Tha  accal  deelf  prodecod  aacelioat  parforaaaca,  bad  the 
tutgacao  aaadla  pacf oread  poorly  aad  bacaaa  Wily  eroded  daa  to  olactro- 
lytlc  etching.  Saadblaetlag  had  aa  affect  aa  performance. 

3.1.1  lccal  C-ooaot nr 
J. 1.1.1  txgailaenj 

Tea  roar  oara  aada  oclag  a  ataadard  14-adl  O.D.,  4-all  I.D.  platlaaa 
aaadla  oat o  afcich  a  * 1-ail  0.0.,  3  ,-nl 1  I.D.  atalalaaa  ataal  (S .$.)  tod* 
oaa  soldered,  Tha  take  am*  oo  Ida  rod  directly  ta  the  aaadla  hacaeaa  It 
la  aa  expodleat  oat  hod  of  carry  lag  oat  aapetiaaata  la  threat  vectoring 
geoaatry  that  require  tha  taha  to  W  operated  at  aaadla  potaailala.  Tha 
aaadla  rla  oaa  placed  /  alia  Wlo*  tha  rla  af  tha  S.S.  t«ha  la  tha  flrat 
rea ;  la  tha  aacoad  raa,  tha  acedia  oaa  placed  l  alls  ahoaa  tha  rla.  la 
Wch  raa,  tha  S.S.  tad  aa  era  aaaatad  flash  ntl  tha  aatractac  oar-face. 
Thaaa  raaa  provided  gaaatltaclea  laf  o  raa  flea  oa  ha*  aaailaa  ahaall  ha 
ao  eat  ad  relative  to  tha  S.S.  tad* .  aad  aa  vtctlag  phaaaaaaa  at  tha 
aaadla  tip  doa  to  race—  ryetaa  coecaalnaaca . 


The  f<ret  run  lut ed  sight  hours.  lecawen  the  needle  >m  novated 
below  the  ria  of  the  S.S.  tubs,  very  high  voltages  war*  required  to 
produce  a  colloid  base.  At  25  <sr» ,  a  been  with  a  (Q/X)  of  o«ly  2000 
couIAg  could  be  produced. 

For  the  eecond  rua,  in  »  ‘ -r  to  produce  signer  fields,  the  needle 
wee  placed  2  alia  out  of  the  S.S.  cube,  la  this  position,  a  (Q/X)  of  10* 
conl/kg  could  be  produced  at  A  -  0.45  s  10  kg/eec,  13  kv  need  Is  voltage, 
and  -3  kv  on  the  extractor.  The  total  operating  t lae  on  the  ewila  wee 
80  hours  (not  counting  the  He  e***»*«  *iling)  which  Include*!  a  continuous 
rue  of  70  hours. 

3. 1.1. 2  Extractor  Geonetrr 

The  pattern  on  the  extractor  due  to  both  charged  and  uncharged 
particle  bonbardnent  wee  particularly  inf  vast lew.  It  indicated  that 
the  potential  barrlars  produced  bf  the  new  ext rsetor /deflect or /needle 
configuration  could  effectively  protect  the  needle  fron  secondary  electron 
bonherdnent .  The  extractor  plats  wee  AO  nils  thick  with  •  1/8- Inch  holt. 
The  aeedle  tip  wee  flush  with  the  extractor  surface.  It  wee  felt  that 
wit*  this  arrangement  secondary  alactrone  fron  the  extra. .or  would  here 
leas  likelihood  of  striking  the  needle  and  polymeria lng  the  propellent. 

The  pattern  on  the  extractor,  formed  by  the  ander ?etiou  of  s  flln  of 
each  gee  particles,  saw  the  remove!  of  this  flln  in  certain  ernes  by 
the  sputtering  action  of  positively  charged  particles,  supported  this 
tbeslc.  The  i’ll*  coating  extended  t—>ly  1/8  inch  outward  fron  the  edge 
of  tie  extractor  hols.  Outside  this  arse,  the  surface  becaem  clean  for 
another  1/2  Inch  until  the  flln  gradually  chickened  towards  the  outer 
sage  of  the  extractor  plats.  The  localised  clean  area  wna  interpreted 
to  k *  the  result  of  a  correspondingly  localised  positive  ion  bombardment 
pattern.  This  indicated  that  the  field  between  the  needle  and  extractor 
prevented  charged  particles  from  striking  the  region  within  1/8  Inch  of 
the  Hole.  Thar store,  no  secondary  electrons  were  produced  in  this 
critical  rxgron.  The  feet  Chet  no  tar  formed  on  the  aeedle  supported 
the  hypothesis  that  the  electrons  could  no  longer  bombard  the  needle 


3. 1.1. 3  Accel 


The  Moct  important  overall  conclusion  Ithb  tram  the  ny«rlwf  Mi 

thar  stable,  lc«§-tnra,  high  I  operation  could  >*  nalataiaed  with  tha 

f 

accel  cor  figuration  i»h«  the  needle  and  tuba  **rts  jp*rac«t  at  the  MM 
(Howrftr,  l*  nay  be  •or*  dealt  so  l*;  to  a^erata  the 
higher  potential*  than  tN*  naedle  to  foewa  the  mob  and  Co  allal  —to  • mj 
''«a  lnplogensnt  oil  tha  *Tbe.)  TMi  configuration  one  tamral  Wwtn«i. 
The  needle  cas  bo  operated  at  noch  higher  volt  ago*  than  tn  really  wood; 
secondary  electrons  Iron  tho  •or#  positively  biased  vector  elect rodsr 
cannot  reach  the  needle,  aad  a  atrong  bans  focusing  affect  it  prtxf  -cud . 

3. 1.1.4  Conclusions 

Thla  roe  suggested  certain  gu  Ida  1  lass  for  aaadla  extractor  positioning 
and  the  accal  roof lg-uratioc : 

1}  rha  Htncvor  should  not  ba  a  thick  plate  with  a  beveled  halo. 
i)  Tha  aaadla  should  ba  nountad  close  to,  or  flush  vl  t  h ,  the 
extractor  plana. 

3)  In  tha  accal  configuration,  It  la  daslrabla  to  operate  with  tlaa 
accel  alactroda  at  or  above  the  oaadla  potential. 

Thane  guidelines  ware  further  taatad  for  validity  In  tha  400-War, 
6-oeedle  accel  life  teat  Ho.  6903-01  discussed  la  Sect  loot  6.  Tha  results 
proved  the  validity  of  tbeee  guldallnaa.  Tha  Assign  of  accal  aaadla  and 
extractor  gsonariy  based  oa  thane  gufrVt  lines  la  shown  la  Figure  14. 

3.1.2  Sandblasted  gaadle  Tip — keedla  tp ughneas 

4  single  platinua-irldiun  aaadla  waa  sandblasted  with  fins  alaadaaa 
oxide  la  an  S.3.  White  lnduatrlal  abraalva  aa.lt .  A  ooe-ire flact lag  gray 
aatte  flalah  waa  produced.  So  gro-aa  opera t lean  1  dlf faranca  bataaaa  thla 
aaadla  ard  polished  naadlaa  waa  ot> at r  » •  J .  Tha  Ion  cwrrxet  peak  waa 
slightly  higher  tad  tha  TOP -slightly  acre  oaum  upwards  with  the  anted— 
blasted  aaadla.  Mora  wort  would  be  needed  to  prows  that  these  differences 
are  real.  It  la  thus  poaslbla  that  a  high  polish  la  not  rrywlrad,  although 
It  would  Intuitively  appear  that  surface  rrngf.naaa  should  ba  email 


compered  to  the  dlneaetone  of  •  J *t .  Whe*  wetting  prr»fc  lmc  rriax. , 
the  hir*  degree  of  roughnaae  night  help  la  a  »tat let  leal  way  la  aetab- 
llablag  a  uniform  diatribut ioa  of  Jett  —  a  requirement  for  good  efficiency. 
Croea  roughneea  reduce  efficiency  by  p rodwc log  variation*  la  awrfecn 

electric  field  lot  ana  It  lee  for  the  different  emitting  jar#  la  addition  to 
poaelbia  low  field  channel*  through  which  the  fluid  could  fl am,  tin* 
ceueing  large  angle  operation  or  aid*  tar  formation. 

3.1.3  tgwlr^ra>wtat«l  tffact* — Studlve  cn  Wattlr£ 

Performance  degradation  occurred  daring  tba  90- hour  eccel  taat. 

The  aaadla  p« rf oread  wall  without  noticeable  degradation  tba  flrat  day 

of  operation.  Tine~of-f light  data  Indicated  high  I  pnrforaeace  with 

•a 

good  afflclen cy.  Tba  eaadla  waa  laft  to  ldla  overnight  at  10  few  with  a 
negative  heed  praaaura  (I^<1  xaap).  Tba  liquid  nitrogen  ti<sp  waa  kapt 
filled  during  this  tine.  'baa  praaaura  aad  voltage  ware  turned  ap  tba 
mx t  ncrnlog,  performance  waa  not  aa  good  aa  tba  prawloaa  day.  Perfor¬ 
mance  continued  to  degrade  during  tba  ao ruing ,  aod  tba  voltage  waa 
ralead  progrwaaivnly  to  IS  kv  (at  a  coaataat  -3  kv  oa  tba  extractor) 
until  a  aarlaa  of  area  occur  rad ,  at  which  t  laa  tba  voltage  waa  reduced. 
Laaadlataly  afterwsrda,  tba  performance  aa a  reetored  to  tba  prawloua 
day ' •  lawal.  Tba  oaadla  waa  laft  to  rwa  over  tba  waakaad.  Proa  a  chart 
(•cording  of  bean  curraat  at  coaataat  voltage  aad  faad  praaaura.  It  waa 
found  that  performance  did  act  degrade  during  tba  fol lewring  day  and  a 
half.  At  tba  and  of  that  tine,  tba  cold  trap  ran  dry.  Is  tba  aornlag 
tba  trap  waa  filled,  but  whatever  kappanea  during  tba  sight  after  tba  trap 
ran  dry  caused ,  at  flrat,  a  hrlaf  inpruwnmaat  and  than  a  coatlnooua 
decline  In  performance  for  tba  mat  of  tba  run  according  to  TOT  data. 

Since  tba  re  ware  no  Car  depoelts  or  visible  filna  oa  tba  oaadla,  lc  waa 
be  Hawed  that  tba  degradation  waa  caw  aad  by  a  dacraaaa  la  tba  ability 
of  tba  propellant  to  wet  tba  needle  tip  during  tba  period  Is  which  tba 
cold  crap  caaaad  to  function. 
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Tha  first  porforunaca  dsgradat lou  occurrsd  during  as  Idling  parlo* 
(x«ro  !t«d  pm  a  a  urn ,  rsducsl  ass*  la  wolcags) .  U  this  tins  tha  wIkh 
■oat  haws  racwdj*  Into  tha  oaadla,  o^Mlt|  tlM  aarfact  to  wUnlMHi 
such  as  punp  oil.  The  following  nomine,  aftrr  thn  land  prssaurs  an* 
voltage  ha4  hssa  Increased,  tbs  currant  starts*  o«t  loser  than  tbs 
previous  day  tad  continued  to  drop  until  0SI7  S  a  asp  could  b«  tAlmi 
st  13  kv  because  of  tbs  poor  wetting  of  tbs  plxtlnun  rln  by  tbs  gl rcsrlns . 
»y  tbs  tins  tbs  discharges  had  occurred,  as*  motors*  psrforaan cm,  it  «ss 
p  roti  sole  that  tbs  trap  as*  b  s  so  col*  lone  *a— t>  to  ctssn  op  to  cost  an  1 
innate  within  tbs  syatan.  For  chia  rasa  on,  them  won  no  parfornenca 
degradation  during  tbs  oast  day  so*  a  half  not  11  tbs  trap  ran  dry,  than 
allowing  contaslnsnta  to  rs-sntsr  tbs  tysta*.  As  a  rasnlc,  eh*  currant 
again  dropps*  to  3  nanp  at  13  kv. 

In  latar  aapa rinsnta ,  oparatlng  naadlaa  warn  dalibavataly  wapossd 
to  various  contaalnanta,  Tbs  contaadnaot  that  bs*  tba  noat  draaatlc 
affacc  was  Dow— Coming  704  silicons  oil.  which  wss  tba  diffusion  p  nap  oil 
used  during  tbs  80-hour  Cast.  In  tbnns  sapsrlnssts,  whan  tba  oil  was 
•vapor  a  rad  onto  tbs  nssdls,  an  Inaa  flats  drop  Is  Q/M  wss  observe*.  Thus , 
it  la  not  unreasonable  to  hallras  that  tba  performance  <Ugrad.it  ioa  during 
tba  SO-hour  tast  occur md  bscauas  :bs  ebsaAar  bsenna  contaulnate*  with 
this  oil  ebaa  tha  trap  warns*  up. 

Attnapts  wars  ns  4a  to  fin*  a  watting  aganc  that,  whan  mlas*  with 
tha  glycarol ,  would  allow  tbs  p royal last  »  sat  a  thin  film  of  alllcoaas 
dlffualoo  pup  oil.  Four  natarlala  wars  tasts*.  Twssn  21,  Twssa  80, 
Alkatarga  C  an*  Lac i thin.  Iona  produce*  warnsnant  watting  but  all  did 
promote  watting  to  low  dsgraa. 

An  experlnaat  In  *ilch  Octoll  was  a  asp  aw  at  ad  on  an  oparatlng  a  log  l  a 
ncadla  produced  tba  sans  results  aa  wars  nbtalua*  with  CC  704;  l.a  . ,  a 
rsdwctloa  of  currant  (at  a  fixe*  voltaga)  aftar  exposing  tba  — sdla  to 
a  few  monolayers  of  oil.  Aftar  cassation  af  tba  oil  aapaaara,  aura  than 
an  hour  *t;  ta^ulrad  for  partial  meows ry .  Before  axpoawra,  tka  naadla 
had  good  watting  characteristics  aa  t  sat  ad  by  currant  recovery  to  tba 


origiral  value  after  a  10-eecomd  volt  eg*— of  f .  if  tar  exposure  to  oil 
aed  partial  recovery ,  tSa  current  after  a  IQ-eacon  •,  to  It  eg  a— of  f  period 
was  close  to  normal  because  the  Liquid  had  bees  forced  further  out  <m 
the  partially  noe-vettlng  rle;  however,  within  a  few  alnutaa,  the  current 
returned  to  a  lower  value.  Thla  confuted  a  hope  that  twitching  the 
dlf fusion— ptap  oil  to  Octoll  would  reduca  the  wetting  pro bias  and  perhaps 
swam  allalnata  the  need  for  coat lsuows  liquid  nitrogen  trapping. 

3.2  Twarra  niius 

Two  runs  ualn*  tungatan  need la a  ware  aade.  The  flrat  waa  operated 
with  Cal  a a  the  glycerol  dopant;  the  second  waa  operated  with  the  standard 
Ra I -glycerol  solution.  In  both  cases ,  the  performance  waa  poor  and  the 
aaadlaa  bacs's  eroded. 

A  tungatan  nicjle  needle  (Figure  4)  annul  act  u  red  by  the  Tree la low 
■eeeerch  Corporctlon  waa  operated  for  24  hours  using  a  3/10  mixture  of 
Cal -glycerol  as  propellant.  This  a awe  propellant  haa  been  uaed  with 
platlmaa  neadlea  and  perforned  aa  wall  ( la  abort  tar*  casta — no  long  tarn 
testa  have  been  nade  aa  yet)  as  the  3/10  *al -glycerol  solution.  Kaaults 
of  the  tungatan  needle  testa  wars  not  very  encouraging,  although  ft  ta 
fait  that  a  change  In  the  needle  geonstry  will  laprcrve  per  romance 
Ilectrolytlc  eroelon  wee  apparent  after  only  24  hours  at  relatively  low 
car  rest a  (2-4  yawp),  the  low  needle  currants  vers  apparently  the  resale 
of  law  fields  la  the  droplet  foming  region.  This  la  Inferred  fro*  the 
fact  that  tlaa-of-f light  data  takas  at  10  lev  indicated  low  cnarge-Co- 
aa aa  ratios  (>■  2000  coul/kg).  The  eroded  area  (Figure  3)  aleo 
Indicated  that  the  emitting  region  waa  confined  to  an  area  arse  what  down 
inside  the  needle  which,  fres  the  gantry  of  the  needle  (Figure  4), 
should  be  a  region  of  low  field. 

Additional  testa  wars  aada  aalng  Hal -glycerol  to  confirm  the 
susceptibility  of  tungsten  to  electrolytic  etching.  The  tonga tea 
Media  waa  run  for  approximately  24  bouri  using  a  3/10  nixturs  of 


(a)  900  x  Hagnif lcatlon  of  Tung* Cm  Keedla  Tip 

Shoving  Eroded  Aru  Around  Needle  Hole 


(b)  1000  x  Magnification  of  Tungsten  Needle  Tip  *  9 

(Unarodad  Needle)  4  Mil  Across,  1.5  Mil  Hols 

Figure  3.  Tungsten  Handle  Tip 
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■al-glycerol.  The  operating  voltages  were  kept  it  approximately 
VR  »  4.4  kv,  -  1.4  kv .  The  needle  currwC  fluctuated  between 
acd  30  nanpsree.  A/tar  operation  it  »»«  found  that  the  needle  tip  had 
changed  shape  doe  to  elect rolyt lc  e rue Ion. 

The  oeedle  hod  been  purposely  electrostebed  la  an  laOd-fl^O  solution 
prior  to  installation.  The  alactroetch  had  eorreral  affacta  o*  tSa 
geometry;  It  produced  a  polished  surface  asking  It  aaalar  to  detect  aroeioa; 
It  lncraaaad  the  hols  else  to  trice  Its  foraar  disaster;  It  gave  the  hola  a 
f  la  red-oat  shape  slallsr  to  the  standard  needle  daalga;  and  It  prodacad  a 
as r rower  rounded  rla.  After  the  run  It  vaa  found  that  flattening  and 
broadening  of  the  rla  ware  the  major  aroeioa  changes  that  occurred.  This 
•  roe loo  ana  much  acre  evenly  spread  than  la  the  previous  run,  but  never¬ 
theless  quits  prevalent.  The  fact  that  one  can  alactroetch  tungsten  Is 
s  tip-off  that  tungsten  night  be  euaceptib’*  to  electrolytic  erosl  n. 

The  tungsten  oaedlaa  erode  too  rapidly  to  be  of  practical  use  In  a 
colloid  thruster. 

Aa  interesting  sspact  of  thia  oaedla  operation  vaa  that  it  was 
ul-stshls,  alternating  between  a  vary  loe  current,  low  Q/H,  efficient 
node  and  vary  high  q/N,  high  current  (because  of  a  large  ion  peak).  Inef¬ 
ficient  node.  Figure  6  shove  tine-of-f light  traces  for  thase  two  modes. 

The  loe  current  node  would  generally  shift  into  the  high  currant  mode 
after  a  few  sonants.  The  high  current  coaid  generally  be  dropped  heck 
to  loe  value  by  a  t lee— of-f light  off  pulse.  Than#  two  sodas  mere  probably 
caused  by  different  stable  watting  positions  on  the  needle.  These 
positions  could  be  caused  by  elthei  geometry  effects  or  by  surface  con¬ 
tamination.  In  any  event,  the  low  current  node  produced  e  very  narrow 
been  shlle  the  high  current  resulted  In  rider  hewn  spread.  In  the  pest, 
loe  current ,  low  Q/H,  narrow  beans  have  bens  canned  by  Jets  formed  Inside 
tbs  needle  below  tbs  rla,  stills  the  higher  Q/H  hessw  with  greater  spread 
cane  fron  the  Jaca  on  the  rise.  A  stellar  situation  possibly  occurred 
here,  the  low  current  nods  being  unstable  dua  to  overfeeding,  c easing 
the  analecos  to  groe  and  eventually  nerving  out  onto  the  rla. 
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Figure  6.  Low  and  Hlfh  Currant  Hodae— Tungsten  Handla 


4.  rarntAUxiTto* 


4.1  rCTTXTUL  DISTUZUTTOK  OCTSIDt  Of  OCIXS 

A  negative  potential  nliti  adjacent  to  the  nxtsactoT  me  la 
the  prnseaec  of  •  b«M,  and  a  neutrallxer  piacad  at  Mch  a  position 
cannot  wait  a  la  ct  root  (unless  the  beam  partially  •tails,  v  rodnelag 
a  positive  please  which  raises  the  potential  at  the  aentrxilxer  and 
extract*  the  necaaeary  electrons) .  We  ham  celselecmd  tUie  sheath 
thickness  (the  distance  free  about  1/4- loch  Is  frost  of  the  extractor 
electrode  to  the  plasma  boundary)  and  compared  it  with  escfsiriawntal 
data  f roe  a  ooveable  emissive  ptche. 

4.1.1  Ti.-jory 


Let  360  microempetne  be  emitted  f roe  a  ,;b~3*.  '!o  array  with  a 

apecific  impulse  of  1000  seconds,  752  efficiency,  esri  a  *0-degrae 

half  mgla.  Further,  lat  tha  excasa  negative  vrltage  applied  tc  the 

extractor  be  500  volta  (1 .  e. ,  If  negative  1000  volte  were  necensar, 

to  prevent  electron  tunneling,  then  -1500  volta  la  applied).  The 

positive  charge  density  vlthuo  the  sheath  which  la  reepooalhla  for 

the  p-itencial  increeae  from  -500  volta  to  the  plaaaa  potential  at 

1/2  1 

zaro  wlta  la  estimated  f roe  tha  linear  charge  denaity  -  j/jT  ” 

2.7  x  10  8  coul/meter,  and  as  cm  rag  a  area  through  which  the  been 
paaeea  of  1.5  a  10  J  H2  (1-1/2  in.  square) ,  to  be  2. 7  *  10~*/1.5  i  10  ^ 

1.8  x  10  8  cou1/h\  Poiaaon'a  equation  (dX/dx  “  p/c^)  predicta  a 
parabolic  potential  distribution  within  the  ahaath  of  the  torn 

AV  -  1/2  o/c  (AX) 2  where  AX  la  tha  « heath  thlckneaa  and  AV  la  tha 

Q 

500  volta  acroaa  the  aheath.  Then,  in  the  ssmpJLe  caae, 

AX  «  (2  x  500  x  P.85  x  10*U/1.8  x  Ilf5)172  -  2.2  x  iff2  merer  or  a 

little  leaa  thee  one  inch.  We  shall  see  that  the  sheath  distance,  aa 


experl  nan  tally  determined,  wee  about  this  dimension.  As  ezpoeed 
neutraliser  does  to  t  ha  been  edge  would  have  to  he  placed  approximately 
1  Inch  1a  (root  of  tha  engine,  for  a  tingle  models  rich  no  undue  amount 
of  negative  extractor  beyond  the  needles  and  a  ground  shield  c-  run 
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the  oeut  i  ni  1  tar  and  jotu  lb*  of  Um  b  i  ao  and  tho  extractor,  (ka 

n—trailner  c—ld  be  tlaaar  to  cbt  —gin*.  Utctrooc  tiua  wpnid  W 
Mice m<  outward,  loop  ncnmtj  md  Jot a  the  been  >*/'oc4  the  •teat!; 

4. 1.1.1  fUoM  Potential  - 

The  —ill  yot— tial  variation  vital*  the  plan—  la  ggrm  rao d  by 
tba  yoeltlv*  c.nrge  i  lo  t  r  lb  vt  1—  tad  tho  electron  t— porataro.  TM* 
t  — poraturo  end  t So  r**ra  for  It  «ra  —corral*.  It  1*  lihely  canoed 
by  c So  anergy  of  the  sea* roll 1 1  ay  electrone,  which  la  >f«co  la  yi  m r— i 
by  the  pervoaac#  bat—  the  a—  trallior  mad  the  bo—,  ted  sight  bo 
equivalent  to  about  10  volte  (100,000*1).  la  e  ground  taat  eyi t—  with 

me  iMfutrellaor  vtioro  *11  cbo  particle*  atrlhe  a  — rfeca  at  a  al agio 

potential,  tho  taeperacura  *l*b t  bo  only  ikn>(  a  volt,  cr— mi  by  l bo 
energy  of  cbo  •  ecus  dor  loo.  If  c  bo  bo—  it  r  1  koe  aurfacoe  at  two 
ixotocc  ‘.ila,  the  t  — y  orataro  la  — cb  (rooter  —  cwuaod  by  the  energy  of 
the  aocoodoriaa  c^e  Ld t  ?  ram  the  euro  M|>' !»»  alar  trade. 

Expreoa  leg  cbo  tanperatwre  of  Cbo  electron#  —  a  —'taiga  T  ,  md 

T/V  ‘ 

aeeuning  oyuiilbrlvaa,  thaa  “  0o 

So  tho  yot  — del  hot—  two  pel*  to  of  positive  cborgo  density  a? 
and  La  AV  -  La  p^/p^.  for  eaanple,  tbrwo  cl— o  farther  down  the 
bo—,  tKjore  tho  cborgo  density  boa  dropped  by  a  decode ,  the  voltage  la 

2.1  t,  ao ro  negative.  Thla  fla’f  accaleratoa  yoaltlvo  Iowa  created 

vltbla  cbo  boon,  —ay  fro*  the  engine.  If  they  were  directed  toward# 
tho  mgloo,  they  would  ho  farther  accelerated  ecroee  i>‘*  t hoot b  and 
cauoo  aowara  tar  probl— *.  Comrareely,  negative  loa#  (or  ii.  xbod 
electro*#)  ora  accalaratod  t  — or do  cbo  oaglao  bet  bownco  off  tho  ofeaetb 

do  -.»aitoa ). 

4.1-2  tryorln—  t*l  f rob  lag  of  Potantlaj. 

Mm  anloa two  probe  (a— 11  hair  yia  of  fine  tungst  —  wire  booted  to 
theraioeic  oodooloo)  waa  need  to  aanae  tho  yot—  tlal  within  cbo  ahead; 
sad  pi  i ana  of  a  34  noodle  nodal#  operating  at  340  nicroaay  nr— .  ty 
hoot  lag  vlth  1/2  wave  4C  — d  vlaari-tg  cb*  incidence  of  a  anoll  anleolv 
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currant  dux  If  (  tbn  period  of  on  banting  c«rnwt  on  an  oocillQitoii,  tW 
fotntUl  could  b*  da  com  land  to  vltb  la  about  0.1  <«U .  71*  ffeMU 

dlataoca  «i  found  to  bo  don  to  1  <ncb  fron  Um  extractor  electrode. 

Tbla  abaotb  diatonca  lncrooond  oltb  mm  lncmnno  of  notation  atnctst 
aoltign,  or  dncrnnen  ot  currant.  or  mermen  of  apacific  Lnfulea  and 
roMnlaod  tba  rrt  with  •  praanurn  chaaga.  All  of  tbla  In  La  accord 
rl tb  theory. 

The  pluoa  potential  and  Ita  larfo  variation  ufena  tbo  boon  bit 
both  a  noil  at  taro  vo lta  and  a  a  emeu  at  plan  30  oolta  nail  Ulnatzatnd 
tba  blab  electron  t  «np  »rit  urn  that  raoaltr  dna  *bot"  al  act  roan  am 
ejected  Into  the  plana*.  ( "CKanbor”  neutral l»at lew  naa  balat  need  rich 
no  thnruloalc  aeucrallxer.  t  Uban  t Cm  *30  volte  naa  remand.  tbn  plannn 
potandal  dropped  fron  a  value  that  varied  around  *27  volte  to  a  •mtj 
nearly  cctsatant  *1.50  volta. 

Thaaa  taaulta  era  llluetrated  In  figure  7,  !a  tbla  lnatanca  a 
floating  collector  la  uawad  at  poeltiwe  23  volta  with  ruopeet  to  a  taro 
volt  neutral liar  flianaat.  TMa  floatlnt  potantlal  would  ba  grnatar 
If  the  flianaat  vara  farther  fron  tba  adga  of  tbo  baan  or  nora  axtemive 
ehlilllog  vara  enplcryod.  la  an  a  lac  Croat  dloda  vltb  an  iron  canal  to  tbn 
■pacing  tguared  or  vbea  rapid  dilation  la  pomlbln,  tbn  cwmt  la  ab ont 
2.3  nlcroanparao  x  or  3*0  alcioanparaa  at  about  21  vnlta.  A  cnrmat 

of  alectrtma  exactly  egaal  to  tbn  poeltiwe  baan  cur  mat  flea*  to  tba 
floating  collector  leaping  tba  voltage  conatant.  Tba  aj.ectrom  tba* 
provide  tba  amact  apace— charge  Mat  ralitac  lo*  at  all  pa  lata  vl  tit  la  tba 
baan  ara  trapped  vlrhia  •  boundary  that  la  aworyubere  noro  negative  tban 
tba  p laana  potantlal.  Ia  tbla  laboratory  altontlon  tbnaa  alactrono  baaa 
aa  oat  drift  valoclty,  but  a  bign  randan  waive  1  ty .  Tbnaa  ara  tba  alactrona 
that  ara  In  tba  ml  egulllbrlun  vltb  aneb  ocbor  (bat  nac  vltb  tba  lam) 
and  aatabllab  tba  potantlala  wi  Li.  la  tba  p  1  a  am.  Vary  cold  olactrpm 
could  all  flow  to  any  poise  that  an a  r«on  a  fan  nilllvolta  nora  pmltlua 
than  tba  raat  a&d  ooaJ.4  aa  In  tv  In  a  wary  anlfom  potantlal. 
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?lf*r«  7.  DlJtrlfcitloa  TViwgh*»f  Tk* 

facilitr  D«ila|  ■wti.-allMtio*  OT.t*  k  C/j  1  L»et«r 


The  lacb-vlde  ah oath  whoa  a  pot  eat  lal  L a  aa  tM  a* 

alectrooe  fro*  the  please  can  ^Mtritt  It  la  ituw.  12  thin  ehestb 
*«  s  e*ch  wider  bataiN  of,  for  w>l«,  laea  cermet  dsaaity,  l  ha 
neutraliser  would  ha  subjected  to  laaa  positive  po tea  del  and  the 
plaaaa  rl  floating  potential  would  have  to  rloa  to  attract  (he 
aecaseery  al act  roe  current. 

A . 1. S  fotantlal  Pletrlbutleu  Around  the  Meedlae 

The  shaath  waa  probed  up  to  a  dlataeca  about  halfway  l roe  tha 
plaaea  tc  tha  thruetar.  Tha  pot act  1 al  dlatrihut.  a  out* Ida  thee a  area a. 
I. a* ,  eromd  tha  saddle  point  and  tha  aaadlaa  aa  ahowe  la  figure  I,  la 
an  epproxiaat  loa  alaca  ao  electrolytic  teak  or  coapwtar  waa  need.  Tha 
•ala  uacartaloty  la  tha  potaatlal  and  poeltloa  of  the  aaddla  octet.  Tha 
poCMtiala  towarda  tha  p laaiaa  follow  f roe  tha  parabolic  dlstrlbetinw  aad 
tha  near-planar  boundaries. 

A  abate h  of  this  type  la  a  great  aid  la  rises  1  lx  log  tha  charged 
particle  trajectories  originating  at  »«'  •  points  within  the  apace 

heyood  tha  aaadlaa.  For  exasple,  aa  alactroo-loa  pair  created  at  raat 
at  point  A  by  Interact  loo  of  a  cooat  It  want  of  tha  baai  with  a  gaa 
•olscul*  will  bawa  tha  alactroa  directed  at  tha  lntarlor  of  tha  needle 
aa  shown  by  tha  .lotted  line  aad  will  accelerate  tha  loa  harmlessly 
towarda  tha  collector.  If,  howewer,  a  •  hall  ax  pair  la  created  haynad 
tha  aaddla  point  (tha  anet  aagatlw*  point  In  froat  of  tha  aaadla)  nr 
point  I,  tha  loa  la  accelerated  toward  tha  eagle a  while  tha  electros  la 
directed  to  tha  collector.  Thla  in  the  cwm  of  tha  extractor  cermet 
that  lac reaaaa  with  pressure.  These  Iona  aie  deflected  away  f row  tha 
rowed  equi  potentials  ae  rrouad  lag  tha  aaadla  aad  a  tribe  tha  extractor 
electrode.  If  tha  deflecting  pocaatlal  la  larger  (aa  when  deflectors 
are  weed)  tha  Irma  elgot  harmlessly  strike  tha  oecar  flee  aerfaca  of  tha 
extractor  aad  tha  resulting  secondary  electrons  that  ere  liberated  pa 
to  the  collector  (ashing  s  negative  ua  as  reboot  oa  tha  TOF).  Uhaa  tha 
lose  atrlhe  tha  rouuded  portion  of  tha  extractor  epertwre,  t»r  p rebec  lag 
electrons  can  bnebard  the  critical  rln  area  of  tha  needle.  There  sight 
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*l*o  be  negative  lot*  ejected  which,,  If  tar  retention  la  Mt  to*  fa t 
iitran r*4 .  can  elaaa  the  tip.  Thera  he*  bee*  ewch  airy  art—  tal  evidence 
of  tbia.  The  needles  ofta*  cppear  claaaar  the*  awrroa* dl-*g  electroda* 
afelcfc  have  the  a  mm  iacldmtt  efflux  eetarlal  fro*  the  collector . 
Wcrwcoplc  exaninatioe  Ha*  above  that  aroel am  of  the  plat leun  1* 
greatest  vbar*  the  propellant  ha*  oot  vett*4. 

4.2  recmum  pwrrtoa  ssma 

The  electro*  supply  a*  electro*  curreet  eyael  to  the 

positive  hea*  current  at  a  power  expenditure  Lee*  the*  that  aeednd  t* 
produce  che  throat.  2JZ  should  be  ae  upper  Lisle  with  leee  rhea  10S 
Mine  a  desirable  goal.  For  low  throat  (  —  100  nlcropoeads)  angina* 
oparetlac  at  about  400  *leroe*peree  and  10  klleeelts  (4  watts),  the 
neutral la sr  would  have  to  produce  0.4  *111.1  ape  re  with  O.t  to  0.)  ami 
leee  vetta.  Thla  caoaot  be  achieved  fro*  a  cagat*  f  11a— wt  with 
10,000  hours  of  Ufa.  (It  ca*  ha  achieved  by  a  ten gat an  flleeeet  with 
a  Ufa  la  excess  of  2.0CO  Hour* .  41*o,  e  10 ,000-twur  (uugucaa  filename 

ca*  supply  a  «llll*p«rM  at  3  vetta  tad  ae  ca*  **et  the  power  require-' 
eeat  ot  carter  angina*  or  ooee  ope rat  lag  awbeteatlrlly  above  10  kilovolts.) 
These  goal#  can  easily  and  einply  be  achieved  by  e  berlw-exlde  cestod 
f  11, sweet  with  10,000-hoer  life  (la  cpece) .  This  eowrea  will  have  mfceced 
life  vbe*  used  la  groead  testing  station*.  i  — nt  H  reweed  after  testing, 
end  east  was  atatlatical  eat  hods  for  asewrlng  reliable,  Loeg- lived 
operation  daa  first  pet  In  operetlo*  In  apece. 

If fort  a  during  thla  prog ran  were  directed  teweidc  developing  the 
newt  efficient  tusgatan  fllaeeat  ( although  admittedly  of  poorer 
efflcleecy  or  eltoclat  Ilia  thaaa  deal  rad)  for  groanC  testing  colloid 
angles*  and  studying  tbs  cbselcal  iatarectlan  with  notarial*  ancowtered 
la  the  testing  facility.  Alee,  aaperlance  use  gained  tenting  a  type 
of  Harluak  cathode  leaa  efficient  the*  the  amide  canted  filename  bet 
nor*  nagged  and  laaa  sensitive  to  poleoelng  in  the  testing  chamber* — 
the  burl  .a  lspregnatad  cathode. 
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4.2.1  Tuagrtan  ftalttars 


Tha  salsa  1o«  sfflclaacy  (aa/watt)  lacrotM*  with  t wyi r  stars  sad 
1a  about  0.8)  a*/ watt  at  2->0G*t.  The  aulsaioa  currant  dsns Icy  1*  40 
aa/aa*  at  this  teaparaturs  ro  a  currtant  of  only  1  aa  raguiras  a  abort , 
tMa  alia.  AC  this  csaparatura  1/16  ail  of  tmgstsa  la  awapoi  *  froa 
tha  tur f la  10,000  hours  -  tha  aiahna  aaowet  that  a  2-ail— <1  —tar 
wlrs  caa  W  rsducsd  without  fail ora .  A  1-inch  long,  0. 002- Inch 
disaster  twogstsa  win  at  2300*1  «1U  haws  a  Ufa  of  10,000  hoars,  will 
•alt  2  aa  froa  aa  sctlws  length  of  shout  1.5  ca  which  will  radlata 
2.4  watta,  cad  allowing  0.6  watt  for  th  '  two  tod  1  oaaac,  will  ragalra 
•boat  3  watta.  Tha  ge&srous  0.6  w«tt  and- loss  aastaaptloa  (aaaisrhat 
jastif  lad  by  aaparlaant)  hears  hasrlly  oa  tha  raaaoa  why  aa  afflclaat 
t  mg*  caa  aaittar  cannot  be  constructed  for  laaa  thaa  1  watt  power 
nwynadltots. 

Slaca  tha  rraporstloa  rata  of  tuagataa  soma  aa  tha  1.63  power  of 
tha  sleet  ran  ealssloa,  tha  Ufa  tasting  of  a  fllaaaat  caa  b*  accurately 

bc<-slsratad.  If  tha  aalaaloa  la  lacrnaaad  by  a  factor  of  10,  tmd  tha 
fllaaaat  lasts  2)0  hours.  Its  Ilia  at  rat  ad  aalaaloa  earnout  would  b* 

250  *  (iO)1’6^  •  11,250  hoars.  So  aa  sot  to  degrade  tha  Ufa  of  a 
fllaaaat,  tha  Assign  currant  suat  not  ha  onceedad  ay  «u»r*  thaa  shoet  51. 

4.2.2  Osida-Coatad  nisaent 

Although  tha  praaont  rsaearch  hae  not  haaa  tnwolwad  with  tala  type 
of  cathode,  It  la  reccumraded  that  It  ha  considered  for  spaco  application, 
especially  if  a  aaall  (<1  alb)  thnsttsr  la  comidarnd.  Alao,  since  tha 
efficiency,  Ufa  sad  railabllity  ora  aztraaaly  sensitive  to  .ha  control  of 
trsca  Lapwrltlea  la  tha  watsrlsls  aued,  it  is  racemaadad  that  tha 
aaittar*  be  purefena*!  trod  a  reputable  snppllsr .  The  thrsatar  ass*»  fact  urn 
mu 14  teat  tha  caUttcrs  aepsretaly  for  Ufa  la  a  high  wcaa  and  alao  la 
poalrloa  on  th*  c-perstlng  aaglaa  to  determine  pet  ts sacs. 

Tha  aaittar  would  consist  of  a  win  about  1  loch  long  and  0.003  inch 
disaster  of  syncisl  alloy  c i  altltai  o?  platinm  with  trses  reducing 
nutartala  la  solution  co«t*«S  with  a  hariusu-st roatlua-cnlcitsa  carbonate 


rlx  ia  a  ait  rocclt  does  binder.  The  witter  La  this  coadltic*  would 
bm  \tii  «  rugged  end  would  withe tend  np«nn  ta  atm— p  baric  conditions. 
U-poa  bMrlnt  la  space,  betore  tba  colloid  eng low  la  tar— d  on,  t he 
biiaaer  would  first  ewaporata  and  than  tba  carbonate  weald  dec—pne* 
(liberating  CO^)  to  tba  oxide.  During  the  Ilia  e t  tba  cat bode,  trace 
— terlela  wjuid  diffuse  to  tba  —  tal-oxlde  Interface  aad  prodaca  free 
bariim,  which  keeps  tba  cathode  active,  fwo  d  la  advent/  —  of  tbla 
cetboda  over  the  tuns  a  ten  file— nt  era  the  possible  meed  for  higher 
Initial  power  to  activate  aai  the  lacb  of  e  p  male  table  relatlo— hip 
between  —lesion  current  aad  hae tar  current,  with  t— (at— ,  If  the 
beater  current  la  right,  —la a loo  capability  —at  be  right .  With  the 
ml  da  cat  bode ,  If  tbe  boater  current  la  right,  tba  aalaaloo  eight  bn 
tun  or  Insufficient  because  of  poisonin'  or  lacb  of  act1  'ictloe  or 
depletion  wf  barluau 

4.2.3  lap rex gated  Cathode 

la-Jr-Ca-lljOj  la  —  It  ad  into  tba  per—  of  a  porous  tungsten  disc 
—aged  Into  a  nolybdeoua  cylinder  encloelag  a  baa  tar  TMs  cathode  cam 

and  nor*  abuse  than  tba  ualde  cathode.  It  cal  be  exposed  to  5 let 
air  for  extended  tlaea  «,  after  uae  with  only  temporary  degradation  of 
■alas ion.  As  with  say  Indirectly  boated  cathode,  the  excel! *.:*  pom r 
efficiency  possible  f  roa  tbe  — iaeive  sate  rial  ala—  la  dng<«dnd  by  tbe 
Increased  area  of  tba  no—ctlve  side  walla  and  tbe  rad  last  j-ow er  lost 
out  tbe  beck  free  tbe  hotter  beater.  Careful  radiation  ah la Id lag  aad 
potting  tba  heater  belpe,  but  It  In  still  difficult  i»  reduce  the 
heating  power  below  1  watt.  A  standard  "button"  cathode  of  about  l.'t 
Inch  die— tar  with  re—  on  able  brat  shielding  that  wee  weed  rsgwirad  about 
5  —ate,  but  bad  a  huge  emission  capability  (’  100  ae). 

4.3  HraWMSTAL  TI3T3,  591-SXa  taw 

Frew  lows  testa  bad  established  tbs  long  life  of  a  tungsten  f  11  vne-’t. 
la  a  high  vactuaa,  and  lta  adequacy  as  a  new traXlaer  for  a  colloid  angl— . 
trowbla  had  bean  experienced  with  deterioration  by  products  f ran  tbs 
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colic  14  sag  1m.  Therefore ,  the  neutraliser  run  during  «Nt  of  Um 
5*1 -hour  lift  tost  (1«  a  90 1—01)  consisted  ox  «  C.ft  Lack  l«aytli  of 
0.002  loch  tung*t<  wire  completely  enclosed  in  a  mail  altmlmta  hex 
cccoapt  for  a  aaall  tile  ape rture  looking  at  the*  aide  of  the  sens.  The 
pitrpoee  of  thin  ira|OHC  mi  to  coop  La  1  •  1 7  shield  the  f  1  1  mr 
from  direct  impingement  frt»  either  tha  source  or  collector. 

The  neutraliser  «m  heated  by  a  50-parcaai  duty  cycle  1-kc  isgeern 
uses.  Ferformeire  data  vae  periodically  reco-ded  at  50,  100  and  150 
* amperes.  tatvaen  readings,  Cha  haatar  power  vaa  adjusted  to  give 
100  pMparaa  aitiaaloa  currant . 

Figure  9  ehewe  performance  as  a  fraction  of  operating  darn 
(472.4  hour*  total).  Tharn  la  a  disc  out laul ty  la  tha  cairns  dem  to  a 
n.cjta  accident  at  200  hoar*.  4  temporary  power  failure  caused  tha 
fciedgata  to  cloaa  cad  tha  oawCrallxai  roan  load  on  am  tha  chanhar  ptaaaara 
roao  to  vail  error  tha  10  *  torr  raaga  for  approximately  90  alssites. 

Tha  fllioaar,  skids  had  bacons  quits  brittle,  broke  la  handling 
luring  poot-tast  removal.  Figure  10  la  a  photograph  of  tha  filament 
taLaa  aftor  tha  taat,  la  which  tha  nf*ect*  of  coaa,dar*ble  grain  growth 
off  eel  cam  be  observed.  Aa  X-ray  dlf traction  ecaa  Indicated  that  caa- 
« Ida rah la  U,C  had  Sean  formed.  Therm  warn  mo  ohaarembla  dec re nee  la 
f 11  Meant  dlmaatar . 

Tha  fllaamt  had  baaa  awapamdad  batwt aa  two  nickel  rapport  poets 
In  a  slightly  et reseed  configuration  to  allow  for  thermal  it,  ana  ton . 
trident ly ,  am  Figure  10  lndlcataa,  this  ts'-haiqun  did  not  work  wall- 
Subeagoaat  f llaaaate  amploy  a  bowed  or  spiral  fllemaat  configuration. 

Flgura  9  above  that  the  raalataaca  at  covet sat  vmlselca  currant 
It  it lally  lac reseed  vlth  tins  aad  them  dropped  to  a  each  lower  vaim a 
after  tha  vacuum  see  Idea  t .  Thla  la  believed  to  hara  re#  tit  ad  f  roa 
fllemaat  being  carburised  by  tha ran 1  decomposition  of  lacldaat  glycerol. 
Thla  haa  a  two- fold  affect  la  that  tha  carbide  has  a  higher  reels 1 1  Tit 7 
them  pure  tungsten  and,  la  addition,  tha  carbide’s  higher  vork  fmactioai 
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requires  a  higher  operating  temperature  ta4,  hence ,  higher  resistivity 
for  e  given  enlasioa  current.  Oxygen  exposure  during  the  vecuue 
Accident  removed  the  carbon  at  the  filament  surface ,  reducing  the  work 
function  to  that  of  pure  tungsten.  The  resistivity  wee  still  higher 
then  at  toe  beginning  of  the  teat  alnce  the  f II  an  rat  interior  wee  still 
partly  carburised.  As  the  teat  proceeded,  the  resistance  continued  to 
rise  again  as  both  the  surface  and  interior  were  further  car her lied.  The 
graphs  suggeat  that  a  steady— state  equilibria  woe  being  approached. 
Unfortunately,  the  test  duration  wae  not  adequate  to  definitely  establish 
the  existence  of  e  horizontal  asymptote. 

The  power  vsrsus  tine  corvee  are  wore  difficult  to  explele.  The  fact 
that  lower  power  wee  required  at  the  end  of  the  teat  then  during  the  early 
atagee  is  believed  due  to  the  lower  thermal  conductivity  of  the  carbide 
■i  e,  for  short  filaments,  end  losses  are  a  large  part  of  the  power  bud¬ 
get.  Quantitative  calculat'  us  need  to  be  perfumed,  however,  to  confirm 
this  explanation.  The  initial  drop-off  in  power  at  the  beg ion log  of  the 
teec  is  aoet  likely  due  to  the  delay  t lea  la  attaining  thermal  equilibrium 
of  the  support  structure  end  to  initial  changes  in  surface  emlsslvlty  end 
work  function. 

4.4  CAUinilZATIOK 

Studies  of  the  carbiding  of  tungsten  til  aments  In  a  system  with  an 
operating  colloid  engine  have  shown  the  following: 

1)  Glycerol  Is  emitted  from  the  needle  tip  normal  to  the  rbreet 
direction. 

2)  A  large  f tact  ion  of  the  carbiding  materials  is  condensed  by 
liquid  nitrogen. 

3)  High  temperatures  mid  low  hydrocarbon  arrival  rates  will 
evaporate  the  cracked  carbcm  and  maintain  the  central  pert 
of  the  f 1 lament  carbide  free.  Sows  war,  there  are  always 
cooler  regions  near  the  support  that  will  carbide. 

4)  When  operating  In  oxygen,  the  carbon  is  very  efficiently 
removed  as  carbon  eooaxlde. 
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TV)  ft rat  point  dm  Mt ad  1 1  by  oparattag  tw  f  liman 

clona  to  aa  oparatiag  alagla  Mill*.  Cw  f ;  1  aw;  bad  lt«  ala  poustod 
at  tha  aaadla  rlc  md  tba  othnr  bad  lt«  aurfaca  normal  t;  tba  modi a 
rla.  lot!)  flianaaca  van  oat  of  tha  bom.  Tha  fllamat  <*oea  awrfaeaa 
f kW  tba  aaodls  tip  abowod  a  raalataaca  tacraaaa  of  0. 15T  par  boar 
wfclla  tba  otbar  fllmnat  {aala  townrda  tba  aaadla  tod  hone  a  protactad 
t ram  j lycarol  f roa  tba  aaadla)  chornd  aa  raalataaca  tacraaaa.  A  larar 
axparlaaat  with  tba  aatraaca  of  aa  Ionisation  gaga  cloaa  to  tba  elda  of 
a  3fr -aaadla  aodula  fallad  to  find  u  traca  of  glycarol  ajactad  hO*  fraa 
tba  aala  of  tba  aaadla . 

TMa  axparlaaat  and  Latar  oaaa  coaf lrata  daflaltaly  that  hlghar 
ta^oraturaa  »  .1  roduca  tba  carbldlng  rata,  dua  proamahly  to  tba 
avaporatloa  of  tha  crachad  carbon.  Tba  Taper  pnaaora  of  carbon  f roa 
graphlta  la  10~*  torr  at  2130*K  aad  10~*  torr  at  2*0Q#X;  buwavar .  tba 
adsorption  aaa rgy  la  aoat  1 Italy  higbar  for  tungataa  aad  tmgatan 
carblda.  In  light  of  t  >  axparlaantal  arldaaca,  aad  tbaaa  Largo  Taper 
praaavraa  at  alactroa  aalttlag  tanparaturaa.  It  anana  aofa  to  aaa aaa 
evaporation.  Tba  carbon  night  nigrata  down  to  a  all^htly  coolar 
enrbidad  region  vtiara  It  night  than  evaperata. 

Tba  Mit  axparlaaat  waa  daalgnod  to  find  oat  bow  aach  of  tba 
carbldlng  gaa  ana  coadanaafela  at  liquid  nltr-ogwi  tuapofatura.  k  f llaawat 
waa  aoontad  la  a  coppar  aacloaara  that  coala  ba  eoolad.  Tba  vacum 
coaultiag  tram  a  alngla  oparat la g  aaadla  waa  dogradad  hy  rodwclng  tba 
puaplog  apaad  of  tba  eyatan.  W'bao  tba  carhldlag  rata  waa  aacahltabad, 
tha  ancloaura  waa  coo lad.  Tba  carhldlag  rata  stopped.  Thla  ladle it ad 
chat  tba  arrival  rata  of  hydrocarboon  drop pad  ha  low  tba  carbon  avapora- 
tlea  rata  or  tba  rata  that  owygaa  (dua  to  ■ngllgib’.y  snail  lank)  or 
1^0  nvalvlng  fron  tba  lnaulatora  would  ranovo  tba  carbon,  it  wan  fanrod 
that  natbana  or  othar  antrappad  ganaa  ganaratsd  at  tba  collector  would 
product  ao  axcaaaivw  carhldlag  im  wbas  tba  fllananc  **•  ccasplatnly 
trtppnd. 


THo  mii  anporlnaot  *m  ^«rfotw4  tx  tka  largo  tak  with  an 
alghtaun  onndlo  arm.  Th»  f 1  Imwt  «m  1a  an  wnclomrr*  Vick  a  tin; la 
apa rturn  chat  could  f aca  dl.'faraat  portions  of  tfco  took  Including 
conplatalv  trapyod  raglono  out  alio  tha  liquid  aitio|«  ohrouda .  ^kio 
sxparlsoat  coo  fi  mod  oil  prorlowo  bypotboaoo.  Corbldlag  rotas  cerroa 
pondod  to  reolotaoco  lacrooooo  of  akoot  12  fat  tear  ot  indicated  pnmmmtm 
of  about  3  a  1C  Thia  woo  ot  loo  tanporataroo  (to  prrot  wraforttlao 
of  car  boo) .  whoa  facing  caaplataly  trapped  ragiano,  tko  corbldlag  roto 
droppod  to  0.22  pnr  Sour  ot  loo  tanporntnroo  of  about  ltOQ*X.  TM »  aor.ll 
flaitc  car b Id  lag  rata  woo  duo  to  noo-coariamoohio  $00000  ooch  ao  nothoao 
aai  athaoo. 

Aa  opportunity  woo  taboo  during  thia  toot  to  coaiflro  quantitatively 
a  pravloua  obsorvatijn:  tko  wary  rap  1 4  conversion  bock  to  pur*  tangatno 
by  oavgao  (or  wotar  vapor)  of  o  carbldaj  illooont.  TMo  woo  dona  aad  o 
calculation  ahowud  that  1002  of  tba  orygan  wolaculaa  toot  a truck  tho 
f  ilanaci ,  a tuck  (clicking  coefficient  •  1.0,  not  0.03  so  ou  pure  taaagacan) 
and  rtnovad  two  carbon  a tana  (2C+0j *200) ,  Iron lag  four  tungsten  stoats  to 
ratarn  to  netalllc  tungsten  (2W^C  ♦  4W  +2C). 

These  experiments  warn  porfonaoi  to  prove  that  a  Caagatan  neutraliser 
aklaldoi  froa  the  aorflta  and  operating  lu  space  would  aot  hove  a  carbldiag 
proMaa,  and,  furthar,  to  prorrlda  techniques  for  constructing  o  tungsten  wlra 
aautrul liar  that  could  bo  uaad  for  ground  tank  roots  that  could  aurrlwo  for 
long  durations.  Wo  fool  thooo  perl  use  to  hove  adequately  answered  thono 
queer lona. 

*-41  Ca» 

For  a  tins  tho  praaaaci  of  oan  condensable  bydrocarboa  ganno  ouch 
M  othonn  wna  cot  known,  #0  at  taupe  a  warn  aba  to  inalgn  guno  uC 1 111 lag 
dlmctly  hoatad  tsagstaa  fllananta  that  would  allow  coaplato  aklaldlng 
by  liquid  nitrogen  coolao  wall  f roo  : ha  angina  and  bnan.  Slnca  than, 
naaauraaaant  with  a  naaa  apact rematar  has  idantlflad  such  gaaaa  (ascbona 
and  ethane).  Tharafora,  none  other  nathod  auat  ba  uaad  whan 


a  twngatan 


*1 1 - *  oatitreiliar  1*  operated  la  •  |r««a4  teetlnf  facility.  Om  of 

tSe  *arly  coof tjvrat looe  thee  dm  derlaed  prior  to  oktisialag  tfcia 
tao*  ledge  l«  ahowa  la  Flr-»ta  11«  Title  deelgn  too*  ad 1  aat age  of  that 
vacira  ayatea  cold  eelle  aaeded  to  aalatala  tacaa  dv.tiag  colloid  llfo 
taatlng.  TS*  aloctrooa  cere  attracted  lato  tN#  kaec  If*  a  Large 
cylindrical  anoda  placed  b*(wa«a  th*  keaa  oad  tN*  f.lmat.  riactroa* 
•are  preeoaced  l  roe  striking  th#  aaoda  ky  lotorpool.trff,  a  planar  atrip  of 
alca  that  charged  to  the  exact  pot.idal  of  the  f  11  .meet  cppoolto  It. 
Thia  ellalaated  the  kotharecae  affocto  of  th*  wUijt  gradient  acroaa 
the  ant  lac,  baa .  or  collector  ehaa  aocatod  la  tba  ;i-o«ltloa  «hwa  la 
f 1  jura  11  Whaa  tha  fllaaont  la  hoc tad  ky  AC  aa  It  auat  h*  to  prrraet 
migration  of  tungataa  atoaa  and  llfo  reduction,  tba  alee  trill  ao  longer 
k*  aa  affoctlvo.  Alao,  tha  aaceaelty  of  aa  extra  potaatlal  la  a  ear ion* 
disadvantage. 


•*  m 


Figure  11.  Sketch  of  Shielded  leocreliser  Oa  (A)  end  focltlaa  la  Tea*  (1) 
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4.4.2  j&asi  12  fTt^t  CirHjla* 


Carburises  Ion  la  MiUy  detectable  ¥7  a  raUtaca  latrwM.  la 
the  *x per insets  with  carburlxst loa,  rat  e-o  (-ralit  sac  •  laemumn  ef 
0.1  to  4  per cunt  par  hour  vara  easily  wwt«4.  Datactlag  t!w  el  tmf  ear lun 
of  this  lacraaaa  or  Its  reversal  la  a  •lafla  aactar.  4  echervt  thee  has 
been  vary  uuccaaaf all;  tested  to  ellmlaeCe  this  carbldlng  l*  t  *  Introduce 
*  — 11  leak  of  orygsn.  The  partial  preveers  0  tarygan  a— Sou  La  anally 
laaa  than  10X  of  tha  total  pressure  la  tha  system  sad  m  lot  negligible 
effect  on  othar  aspects  of  tha  eoglae's  operation.  It  La  at  really  falx 
that  quits  a  wide  rugt  of  oxygen  partial  pressure  will  prevent  carhl4a 
formation  without  tuoqatn  aaaa  loaa  hy  vuletilixat ion  of  Wj.  Surface 
migration  of  carbon  at one  ami  tha  aalty  sticking  coefficient  of  any*.* 
o«  tur^itM  csrblae  la  conjunction  with  oaly  a  0.03  sticking  coefficient 
oa  c.laaa  tungsten  should  allow  a  awch  laaget  Ufa  tungsten  f  11  aaaa t  la  a 
variable  combination  of  oxygen  sad  hydrocarbon  gas  than  la  a  small  part 
of  althar  gas  a  loaa .  TMa  hypothaala  haa  aoC  ban*  tested,  hat  *h«n  this 
scheme  was  used  for  930  hours  oa  tha  colloid  ml cr? thruster  wytrlaet , 
the  raelatanca  chance  woe  about  IX  for  not  too  critical  an  oxyg<M  adjust- 
naat.  This  3X  was  probably  true  evaporation. 

The  fllanaat  would  he  pieced  behind  e  shield  to  prevent  poeelble 
efflux  of  naterlal  l ran  the  engine  or  boon.  The  collector  would  be  an 
far  nany  ae  poeelble.  Diffusion  pumps  of  an  high  a  speed  as  feasible 
would  be  used  to  reduce  net h ana  sat*  liquid  mltrogan  cooled  vulla  used 
to  reduce  tha  coodanalblae.  than,  oxygen  wonM  ha  used  to  eliminate  tha 
residual  carbldlng  rate.  This  would  allow  tha  tungsten  filename  aautrall- 
sarw  to  be  placed  oa  to  an* Lae  as  they  would  be  la  apnea  and  tented  In 
a  ground  tent  facility. 

* .5  un  tots  vmi  ok  an 

Two  neutralisers  were  Installed  la  the  high  pumping  span!  rye  tun 

with  tha  dd'-oeed la  vnctorabla  nodules.  Own  was  a  O.i  Inch  spiral  of 
3.002  loch  tungsten  carefully  aountad  parallel  to  a  plane  electrode 
placed  3/4  loch  La  fruat  of  esl  to  tha  aide  af  tba  nodule.  Tha  relative 
arrangement  was  such  that  tha  entire  structure  wua  just  outslin  tha  edge 
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•f  the  l>«40.  TV*  plane  alectrcde  shielded  the  f  Unseat  f roai  looking 
directly  at  tfca  »*W1m.  The  alactrode  vaa  ci**i;t»4  to  one  ul da  •( 
the  f l lanes t.  Th l*  successfully  noutialtiud  a  J*Q-uicroanpere  U*a 
vbau  tha  fllanaat  vaa  >0  volte  positive  with  respect  to  th*  plaean. 

Ucmm  of  the  electron  drain  problana  wit  a  the  ana  in* ,  and  the  daMt 
dally  r— i it*'  of  the  nodule,  llttla  tins  «t«  accumulated  oe  the  f  1  U-.aec 
and  It  vaa  accldaatally  destroyed. 

Aa  Impregnated  cat  Soda  was  alao  la  tha  ■▼•taa.  It  vat  a  larger-thm  ■■ 
accessary,  higher  power  ualt  that  vaa  ordarad  of f-t ha-aba  If  while 
awaiting  aneller  units  that  vara  ba la;  'abrlcated.  It  vaa  considered 
Mandatory  to  quickly  determine  If  Inpregnated  cat hod aa  vara  canpotlkla 
with  a  hydrocarbon  atvoapbara.  It  vaa  expected  that  a  low  Hydrocarbon 
partial  praaaura  vould  not  carblda  tha  cat Soda  but  would  crack  on  tha 
•urfaca  and  rvduca  tha  .ilualnata ,  causing  a  vary  act  Ira  c  at  Soda  but  ana 
with  a  radix  ad  Ufa.  It  vaa  furthar  fait  that  tMs  vaa  a  va*>  tolarabla 
aolvtlon  to  any  engineer's  dan and  that  tha  aaaa  centra l liar  ba  taatad 
with  tha  angina,  than  ba  atorad  la  hunld  air,  and  tbaa  ba  Jauacbed  and 
ha-**  a  aatlafactory  Ufa  In  space.  Thl*  would  ba  bacauaa  taating , 
although  reducing  tha  Ufa  of  tha  eathoda  fro*,  for  exaapla,  12,000 
hour*  to  >00  houra,  would  uaa  202  of  tha  notarial  In  a  ICO- hour  teat, 
eclll  leaving  10,000  bourn  utoan  operated  la  hydrocarbon- frva  apace.  Tha 
teat*  with  tha  colloid  angina  did  prove  that  no  poisoning  occurred,  bat 
the  teats  vara  too  abort  to  Indicate  any  Ufa  reductloa.  Thl*  catbode, 
too,  vata  caralaaaly  dnatgad  and  vaa  »>t  available  during  the  loagar  rune. 
Two  anallar  Impregnated  catbodaa  arrived  f ran  tSe  vendor.  One  wee 
sous  tad  In  a  doee-epeced  giaa  ttrvcturs  vbara  tbs  aJcctrona  are  accel¬ 
erated  through  a  high  t raaaul as  lac  ^hoto  at c bed  grid.  This  gun,  a bean 
In  figure  12  ,  baa  noc  yet  bean  taatad.  It  la  expected  to  have  sore  tbaa 
1  allllmpars  capability  vltb  lane  tbaa  1  uatt  Input  pouar. 
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Rica  taccth  Lin  tot 

3a  coafiju  Ion  that  fend  Wn  pin— a 4  for  m  Ufa  tost  with  — 
saglse  «m  p  Lac  ad  Is  —  Un-yH  hlfls  »kvw  §y»taw,  It  we  m  for 
1)00  Hon  re  at  error  0.400  —  —tool—  currant  at  1.43  ratti  with  a  haraly 
parr-af  iLla  raalstasca  Inc  roar  •  of  ahowt  0.42.  This  jItoo  a  projoct**! 
Ilfs  of  30,000  hoars  hasod  —  —  and  Ilfs  at  12Z  t a* la tones  lscro—s. 

Ar  1300  hours,  :hs  flla— st  «u  chaagad  to  1.9  watts,  (Iving  i  n  of 
—i^alc*.  mA.  —  accalaratsd  Ilfs  tost .  It  Is  axfsctad  to  hows  a  Ilfs  oi 
1300  hoars.  AC  2  m  It  talas  1.45  watts  as d  would  lur  a  Ilfs  of  10,000 
hours;  at  4  sa  It  takes  1.73  watts  sad  weald  haws  a  Ills  of  3,000  hours. 
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3-  colloid  no  rrrroi 


5.1  WTHODUCTIOH 

Tha  objactiaa  of  Chla  phasa  of  tha  progra*  mbs  ta  4*vulop  •  f syatsm 
for  colloid  chruataia  chat  dcaa  mat  raquirm  •  propellant  flow  '.catrol 
lha  faad  ayatam  mu  to  ba  i  poaltlva  txpulslgn  typa  which  supplies  propallant 
to  tha  thruatara  at  a  no aloe 1  oy  rating  praaaura  of  9.30  pa  La .  Ia  cha  ahwanc* 
of  cha  flow  control  nh«,  tha  faad  ay* cam  awe t  hsva  tha  capability  of 
modulating  cha  praasur*  for  Olt-OFT  thruatar  o  parse  loo.  During  parlod*  of 
throarar  oparatlcts,  Cha  faad  tyaCSQ  supplies  pro  pa  Heat  «e  tha  noasiaal  apart  - 
ting  pressure  laval;  howarar,  whan  tha  thrwuar*  ara  off,  Cha  propallaat 
pressure  aaut  ba  reduced  to  a  lrwal  »^u vl  to  or  icaa  than  the  ratface  taawioei 
retaining  pressure  developed  by  tha  propellant  ia  l ha  thruster  uaadlaa.  At 
chit  praaoura  level  oo  propellant  ia  expelled  from  tha  aaadlaa  whan  tha  thrwstar 
potaatial  ia  oft.  li  la  also  daairabla  for  tha  faad  pressure  to  ho  L^ie  pendant 
of  Noth  tha  assotmt  of  propellant  axpaliad  and  tha  prarraillng  aablmt  impara- 
tura.  Tha  design  requirement  that  tha  faad  syataa  aaintaln  a  alight,  noa-taro 
praasura  oa  tha  propallaat  during  oo  flow  conditions  ma  iapooad  to  preclode 
oubble  formation  within  tha  ttorad  propallaat.  Void  formation  coaid  occur 
aftar  propallant  it  axpaliad  frosi  tha  system  If  tna  ttoraga  vmeeml  la  not 
restrained  fro*  returning  to  ita  original  volume  dxtrlng  soro  pressure  01  ' 
oparatioo.  This  was  desired  in  ordar  to  avoid  tha  possibility  of  voids  pro- 
touting  gaa  bubble  ouciaatloc  point*  caused  Sy  rati  dual  no  v.aodanslb.'a  material 
dissolved  in  tha  propallant. 

Tha  nominal  toIum  of  propallant  scored  iu  tha  faad  ayttm  i  to  ha 
19*0  cc  (12. h  lb).  This  rapraaanta  a  total  lirpulaa  of  18.902  lb-aac  at 
15C0  taconda  apaclflc  impulse,  equivalent  to  approximately  10,000  hours 
oparatioo  at  a  500  ulb  thrust  level.  Tha  final  syateu,  hovsrvmr,  had  caa* 

•  ldarably  sore  voliaaa  to  allow  tha  aanufactnmr  to  use  axis  ring  tooling. 

Thla  rer  'tad  in  a  considerable  coat  savings.  All  aacorlala  In  contact 
with  tha  piopellant  warm  to  ba  natal.  Tha  natala  to  ba  aaiactsd  war*  thoaa 
damons crating  comparability  with  tha  propallant.  Ho  organic  materials  war* 
allowed  to  contact  tha  propallant.  Thla  requirement  was  aatabllahad  to 
eliminate  tha  pot «nt 1*1  both  for  ootgaaaing  Into  cha  propallant  of  abworhmd 
gM*3s  and  for  propallant  contamination  caused  by  reactlosu  rmamltiag  from 
lonj-tarm  contact  with  an  organic  material. 


to  overall  oparat  iag  I MyitHwt  rnf«  t(  10*  *■»  iO*C  arts  <»3tfi6Uimod 
for  ttM  r m>4  ibices.  This  tH)»r>ttr«  mags  la  characteristic  of  that 
ao  courts  rs<J  no  operstieoai  spacecraft. 

5.  2  ststw  Destai 

TS*  Khanit lc  dlagra*.  Figvra  1),  *hows  ths  Wale  f**-3  ayatca  selsctsd 
t<*  «Ht  the  progra®  o b  1  ac t i»a  sod  repair— aata.  Thu  syataa  cooaiata  of  n 
propellaat  storage  naMl,  a  prmowri  j.dq  dalles,  a  proacera  rootrei  vyata®, 
a  filter  and  a  squib  vaiv*  for  syataa  isolation  prior  to  oporatloa. 


•IfwOC  ’Q  CONTSCS  «to*CN 


Figure  13.  Colloid  Tt.matar  Fsod  Syata® 


-40- 


5.2.1  Propellant  Storage  Vassal 


Because  of  *v'«  propellent  volume  «ou  materials  limitation  rt^ilraanta, 
a  it*  tel  hallow*  wva  ••  lac  tad  aa  tha  propellant  storage  v**» al.  The 
propellant  la  stored  inside  of  tha  Sallow*  to  achieve  aalaui  rape! a  lorn 
efficiency.  With  thla  conf lguratlon ,  tha  hallow*  convolution#  azpasd  «haa 
filial  and  collapse  aa  propellant  la  expelled.  At  complete  expulsion, 
rial duel  propellant  la  tha  coovolutlo*  section  of  tha  hallow*  la  adotalaad. 

If  propellant  etoraga  war*  cixtatlor  to  tha  hallow*,  '.ha  hallow*  wo«l.d  ha 
coapressad  wtvan  tha  system  w*a  filled.  Aa  sropallant  erne  expelled,  tha 
hallow*  convolution*  would  'parate,  thla  decreasing  tha  expulsion  efficiency. 

Tha  hallows  la  confined  in  a  hermetically  eaalad  housing  so  that  tha 
pro  pall ant  can  ha  preascrlsed  by  n  gaa. 

5-2.2  Propellant  Preamrlsaf.  ion 

Tha  presaur last ion  mecnaaisa  selected  for  tha  feed  system  utilize*  the 
equilibrium  pressure  associated  with  an  adsorbed  vapor  on  a  eel  Id  surface. 

Thla  type  of  praaaur liar. loo  concept  la  similar  Co  that  of  a  volatile  liquid 
or  solid  In  which  tha  vapor  phase  of  tha  substance  provide*  tha  wr.rfclng 
fluid,  tn  both  the  adsorbed  or  volatile  fluid  systems,  tha  pressure  exerted 
by  the  vapor  phaa*  1*  a  function  of  tha  condensed  phase  temperature.  Pm*, 
for  both  ays. earn,  it  la  soctasary  to  have  a  region  of  controlled  tamper.,  'ura 
to  achleva  pressure  control .  A  volatlla  fluid  system  requires  tha  tampers  - 
tur*  of  tha  con'rolled  area  to  ba  lower  than  tha  minis**  anticipated  through¬ 
out  the  entire  praaauranr  storage  volume.  This  la  to  avoid  condanaatlon  of 
tha  working  fluid  In  other  cold  spots  which  would  result  In  loaa  of  pressure 
control.  This  inquires  wither  heating  the  entire  system  r*»l-«tiv*  to  it*  «nvi- 
rataaact  or  using  refrigeration  for  local  cold  spot  control.  The  adsorbed 
vepor  ayetem  does  not  have  thla  limitation  since  It  la  oow  possible  for  the 
aatarlal  on  which  the  vapor  la  adsorbed  to  b*  »mistaia*d  at  a  temperature 
above  tha  surrounding  prasaurant  storage  vnirma.  The  sc sorbent  material 
tempers  turw ,  jod  therefore  rope  11  act  feed  pressure  control,  can  ha  ms  In¬ 
tel  nad  with  a  local  lied  heater  element.  Such  a  heat,  vourca  la  airier, 
more  Tillable,  arui  more  eflclant  than  *  cooling  vail. 

The  adsorbent  material  aalectad  for  rhs  feed  ayatem  was  Linda  Molecular 
Slave,  irfilch  Is  an  artificial  leollte.  Tha  working  fluid  was  ammonia. 


-Al- 


Thia  coa*f  nation  ainlniaad  tha  anight  and  wl*M  of  adaarbnnt  required  for  a 
glvoa  sultan  and  prnsaura  cnquirn»nat .  TS«  vayor  prnnaure  of  anwoula  at  10*C. 
rho  mini nun  taapnratura  raqulrsaaot .  la  89  2  palm.  This  prnnaurn  la  la 
axcasa  of  that  required  for  a  colloid  food  ayatre,  thua  allminatUt  coadaaaa- 
tloa  ?robl«M.  Adaorpt  Ion  lajthura*  for  naarnla  oe  aacllta  ara  ahouft  la 
Figure  1*.  Car  boo  dioxlda/taollta  ia  urotb-r  poaaible  combination;  hwmt, 


Figure  1*.  Adaorptloo  laotharaa  for  Aaaamia  laoKta 
Typo a  5A  *od  111 

appro ainatsl y  twlca  t'ua  amount  of  xaollta  la  raquirad  to  achlava  tha  mo* 
oparatlng  charactat latlca  *j  for  a  smaoula/ aaol it*  ays era. 

5.2.3  Fraaaur*  Control 

Tba  praaour*  control  unit  aalactad  for  tha  food  ayatam  ia  alallar  to 
that  usad  for  tha  ACStS  Mnsonla  f*ad  ayataa,  lafaraoca  5-1.  A  high  output . 
abaoluta  prnaaura  transducer  la  usad  to  aanaa  tha  prx>»ll*Qt  faad  prnaaura. 

Tha  ootput  to  1  tag*  of  thla  transducer  la  uaad  aa  tha  to  a  l*vni  datactor 

circuit.  Tha  output  algnai  fro*  thn  laval  datactor  control*  ths  csmductlag 
atata  of  a  auitch  la  tha  haatar  •  lament/ pot#*  r  aupply  circuit.  Tha  haatar 
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element  la  located  within  a  canister  containing  the  seollte  adsorbent.  Daring 
operation,  the  feed  pressure  la  regulated  bv  controlling  the  seollte  tevgerm- 
cure  with  the  heater  elesmnt.  freaaure  Increase  la  accomplished  by  Increasing 
the  seollte  temperature  to  deaorb  mhoqU.  This  desorbed  naan  n  la  Increases 
the  quantity  of  vapor  In  the  chaaber  surrounding  the  bellows,  and  therefore, 
the  pressure  on  the  bellows.  The  Increased  pressure  oo  the  bellows  Increases 
the  propellant  feed  precaure.  The  feed  pressure  la  dacroaaod  by  allowing  the 
zeolite  to  cool  which  results  in  removal  of  vapor  f roe  the  bellow*  chi'.er 
by  readaorptlon  of  smmoala  on  the  seollte. 

As  propellent  is  expelled  f roe  the  syetee,  the  preeeure  exerted  by  the 
ammonia  on  the  bjllows  must  increase  to  maintain  a  constant  feed  pressure, 
because  of  the  Increased  spring  force  of  the  bellows  as  It  Is  depressed. 
if  addition,  the  volume  occupied  bv  the  aaecc la  Increases  as  the  propellant 
Is  e-spelled.  Because  of  these  two  factors,  the  average  temperature  of  the 
seollte  Increases  as  propellant  la  expelled.  The  ;v-»<cal  feed  system 
pressure  end  temperature  profiles  during  syatee  ope  \  are  ohowo  In 

figure  15. 

The  propellant  f»«ed  prasaure  is  controlled  at  two  levels.  T*.  upper 
pressure  control  level  corresponds  to  the  flow  condition  and  the  lower  level 
to  the  system  no-flow  state.  These  two  levels  are  achieved  by  supplying  tm> 
separate  reference  voltages  to  the  pressure  control  level  detector.  The 
pressure  change  from  one  level  to  the  other  Is  eada  by  switching  froas  the  ooe 
reference  voltage  to  the  other.  The  pressure  control  bandwidth  at  each 
control  level  la  Che  result  of  hysteresis  In  the  level  detector  circuit  and 
thermal  response  characteristics  of  the  heater  slement  and  seollte  adsorbent. 

5.2.*  Propellant  Conditioning  and  Retention 

During  ccitmlI  spacecraft  operation,  the  feed  system  supplies  propellant 
to  thrusters  operating  In  a  gravity-tree  vacuum  environment.  On  the  gro<nd, 
however,  the  system  le  exposed  to  the  ambient  atm.  ipnere  and  gravity.  Air 
end  atmospheric  moisture  both  have  a  high  solubility  In  the  propellant.  The 
presence  of  these  materials  In  the  propellant  will  deteriorate  thruster 
performance.  Thus,  It  Is  r.ectseary  to  Isolate  the  propellant  from  the 
atmosphere.  Also  because  of  high  specific  gravity  of  the  propellant,  certain 
spacecraft  orientations  can  result  la  high  hydrostatic  heads  relative  to  the 


thrusts-  'lac.  la  addition,  durian  launch,  fepdroetatlc  heads  trill  dwa lop 
li.iepsndant  of  tha  orientation.  Tha  propellant,  therefore,  Mat  b*  retain*  ! 
to  avoid  expelling  propellent  through  tha  thruatar  during  tha  Launch  and 
prelaunch  peti-de.  In  ordar  to  tllninafa  the*#  problene  an  exptoel.aly  actuated, 
no  r**i ;  1  t  cloaad  equlb  valv*  wee  aalac’rd  for  pr  a  Launch  propellant  Isolation 
and  retention.  Under  ooml  oparation,  tha  aquib  anlm  would  ha  op  an  ad  prior 
to  thruatar  operation  In  apnea.  Tha  uaa  of  a  artel  h  vulva  In  tha  propall  ant 
distribution  ayaceu  Joaa  not  preclude  functional  checkout  of  the  faad  .-pat a* 

,  lor  to  launching.  Tha  various  operating  character la'  lea  of  tha  faad  it* ton 
can  ''a  c hacked  without  expelling  propellent.  Latching  solenoid  valvaa  vara 
a  lac  consldarcd  for  thla  purpoaa;  hovtvtf,  tha  davalopnaat  tlna  and  coat 
vara  bavond  tha  acopa  of  this  progran. 

A  porouc  natal  filtar  waa  poe< cloned  at  tha  outlet  o*  tha  propallsnt 
acoraga  vaaaal.  Tha  purpoaa  of  tha  filtar  ana  to  ronovu  particulata  nata  Lai 
that  night  hava  accuaula:ed  In  tha  propallsnt  fron  tha  hallow*  storage  vaaaal. 

The  filter  would  ha  nore  affective  if  it  war*  placed  dovnatrean  of  tha  equlb 
valve  to  ranova  the  particulata  generated  hp  tha  equlb  valve.  Ifcv-vur,  tha 
control  preajure  '  rvel  would  haw*  to  ba  eat  to  conpanaata  for  tha  praaaar* 
drop  through  tha  filtar  If  it  In  located  In  tha  dowttatraan  position.  Because 
thla  preeeure  drop  varies  with  flow  rata  maf  tanparaturs,  tha  faad  praaaar* 
to  tha  thruatarv  would  varp.  la  tha  praivnt  daalgn,  particulata  nat tar 
ganaratad  by  tha  aqulb  valva  la  rancrvsd  bp  tha  thruatar  filtar*. 

5. 3  ST STEM  ANALYSIS 

Tha  taollta/aanonla  prJasurlaLog  vaslt  waa  analysed  with  raapact  to  tha 
conditions  ancoun cared  In  tha  colloid  faad  * pvt am.  Tha  ruaultn  of  thaa 
analpaaa  w*;a  used  to  datarnloa:  (1)  quantity  sf  anolila  required  to  perfon* 
tha  preaeurlxatloe,  (2)  operating  taaparatw  *  range  u rha  laollta,  (3)  apatan 
power  requirements,  and  (A)  dynant c  raspoaan  charactarlatlca.  A  aarlaa  of 
erparlnants  waa  parforaad  to  vsrlfp  analptlcal  rasulta  and  to  dataruiua 
operational  bahavlor. 

5.3.1  Syatan  Static  Aaelyala 

■j  propellent  la  expalled  fron  tha  •  to  rag*  hallow*,  tha  rclune  and 
praaanr*  of  tha  vapor  phaoa  prtssursac  lncraaoaa.  This  nssns  that  tha 
nsaa  of  assnla  In  tha  vapor  phaoa  lac  mates.  Ths  iaersasa  la  vapor  phaoa 
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taais  Is  *cc_-«pl  ishvd  or  dep  lctlng  the  *d  sorted  phase.  Tha  quantity  of  rsoltte 
and  it*  maximum  operating  temperature  are  determined  by  tha  taourt  of  pressur¬ 
izing  vapor  required.  This  In  turn  La  date  rained  froa  tha  bellows  character¬ 
istics  and  tha  propellent  feed  pressure. 

The  bellows  selected  for  the  feed  system  had  the  following  characteristics: 
e  Effective  cron  sectional  area  -  66  square  Inches 
e  Overall  length  -  6  Inches 
s  Spring  tons: *nt  -  0.5  psl/lnch 

Th#  bellows  trsvel  needed  to  displace  3940  cc  of  propellant  was  3.64  Inches. 
This  sortsent  corresponds  to  a  spring  pressure  of  1.84  pel.  When  Incorporated 
it?  the  feed  syste*.  trie  bellow  Is  depressed  i.O  1-ch  by  the  surrounding 
pressure  houolag.  Because  of  this  bellows  preset,  an  ammonia  pressure  cf 
0.5  pels  Is  required  before  s  propellant  feed  pressure  start-  to  devslcp. 
Without  this  preset  pressure,  any  anal 1  ammonia  pressor*  over  the  teollts 
deflects  tha  bellows  and  expells  propellant.  Thus,  in  this  case,  the  arson la 
pressure  has  to  be  essentially  aero  when  the  bellows  la  filled  with  propellant 
and  the  system  la  in  the  0F>  condition.  This  results  In  prohibitively  low 
orr  temperatures. 

For  the  above  stated  bellows  characteristics,  the  ammonia  pressures  required 
for  system  operations  sre: 

e  Full  propellant  loading  0.1  psln  OFF 

1.0  psla  OM 

•  At  complete  expulsion  2.34  pals  OF? 

2.84  pels  0* 

Tha  total  weight  of  auoonla  available  for  dsllverv  bv  the  zeolite  Is  determined 
from  (1)  the  free  volume  In  the  pressure  housing  surrounding  the  bellows  when 
all  of  the  propellant  has  been  expelled,  and  (2)  the  pressure  difference 
between  the  coses  of  full  propellent  loading  with  no  flow  and  complete  expul¬ 
sion  with  full  flow.  The  free  volume  la  approximately  6000  ce  and  the  pressure 
difference  is  2.34  pal.  This  corresponds  to  0.697  gm  of  aemonia.  The  data 
shown  In  Flgurs  16  sre  used  for  calculating  the  required  weight  of  zeolite 
to  supply  this  ammonia. 
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Figure  16.  Amonla  Adsorption  on 
deolite 

For  a  nor*  detailed  solution  to  tha  problen,  cbe  dyi.'nic  characteristics 
of  the  »ystrn  oust  also  b«  considered.  Tha  haat  of  adeomtlcm  of  a  Material 
la  lc  tha  range  of  tha  haat:  of  auhllMatloo  and  vaporisa  tion  of  that  notarial. 
For  thin  adsorbed  layers,  tha  heat  evolved  during  adsorption  la  alnllar  to 
that  evolved  during  tub  Unction.  Ka  tha  ad  so  r  bad  layer  beconaa  thicker, 
tha  heat  evolved  during  adsorption  approaches  tha  haat  of  vaporization. 

Tha  relation  for  the  adsorption  process  la 

T/TTN1*  '  *  i  (1) 


f  "  pressure 

f  *  abaolote  tmperacure 

A  »  corstant  corraapr'tdlng  to  tha  heat  of  aufeliaatloa 
1  ■  universal  gaa  con*  tan t 

Th la  relationship  and  tha  data  presented  In  Flgtae  IS  are  sufficient  to 
characterize  the  aanonla/zeol lta  aystea.  a  net  tan  zeolite  tenperaturn  of 
120*r,  was  arbitrarily  •*  lac  ted.  This  tesperstura  eould  ha  r<aca»a«ry  to 
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praaaurlta  tS*  trltra  during  prevail  tal  fl am  at  collate  erpaialoa.  TV* 

pra#M»ra  at  thaa*  coodlt  loaa  i«  2.*««  pal*  (142  torr).  Froa  rig-ur*  l*1 
t Ha  Might  of  tannli  adsorbed  par  gran  of  taollta  of  :ol«  rn4  point  la 
0.0330  (*.  Tha  weight  of  way n 1«  t«ail:hl«  pat  graa  of  avollta  la  0.0205  gm. 
Tha  total  weight  of  caollta  to  a<^ply  tha  0.STQ  pa  oanla  la  28  g*. 

5  .2  ?▼«;#»  rs-tf»lc«  4nalrata 

!>maalc  raapoaaa  of  tha  intta  dataralaa*  tha  tlaa  tor  tha  a y •? om  yr npa i - 
lane  f#*d  praaour*  'o  chart*  froa  on«-  Irval  to  tha  othar.  Turn-C*  t  la*  !s 
tha  tlaa  repaired  tor  tha  faad  praaaura  to  twrraaaa  1  roa  tha  no-flow  level 
to  tha  full-flow  praaaura  coatrol  level.  Tarn-OFT  tlaa  la  tha  tlaa  ra^airad 
for  tha  praaavra  to  dacay  froa  tha  flow  to  tha  ao-flow  lavai.  Except  tot 
tightly  boaod  aooolarara,  tha  ad*o*-ytio«  aad  d-*orpt too  of  vapora  fr<-a  raollta 
la  an  ertraatly  rapid  procaaa  (rrfaraoca  5-1).  Therefore,  hoc*»aa#  at  tha 
teepenttur*  dependence  of  tha  praeaur*  ova r  tha  rao  lit#,  tha  prvaaara  mapame* 
charactarlatlca  of  tha  evstr  •  art  a  direct  fanctloa  of  tha  mtw  :)wnMl 
raipcKiaa  charactarlatlca. 

Facv.ra  that  Influence  tha  tbanaal  raapoaaa  of  tha  rratea  ara: 

a  Saif  cap  at  1  tlaa  of  .  >a  raolite.  haatar  alearftt.  arvd  aeaoclatad 
atractnral  aatarial  of  tha  raollta  caalittr 

•  Beat  of  adacrp.'.h  mad  deaorptloa  of  aaakoal* 

•  Tharaal  lwa«  fr"  >a  aaallta  caalatar 


a  Fowr  top  at  to  th.  caollta 

Tha  a^aatloa  that  daacribaa  tha  C  ha .  a.i'.  raapanaa  of  tha  ryataa  la; 
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*  epaclflc  haat 
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taaparatwra 

Adeorptloo  haac 

tlaa 

inpat 


^Loaa  *  t,uni*l  l»ae  rata 
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th 

V>wcr:#t  i  to  is*  t  nw>  i»n*  t  af  t_S*  i«*llta  caaioc^r. 

r  .  5 

n»  t»m  !  'C  3,  .'!  roorooait*  test  UMdtT  af  tlM  Malt'*  tMlttn . 

I  1  ?t  4  ^ 

•aoi  It*,  aaatf  t « r  g la— at .  T> I •  tan  la  eavaot  tally  comum  r**r  th# 

aotira  operating  raaga  of  tha  aeetaa.  Tf-a  tan  *j  fr>n>—  ta  hast 
raqul  rad  for  daa^rSlng  :  n«  omooU  par  uolt  t  rap*  t»t«r*  cbaoga  of  t  r,a 
soollta.  TSa  cha.’.ga  la  mii  (da)  raaalta  la  a  praaaart  cheat#  (47)  la  th# 
proeoer Hint  fluid.  Tha  reletlaaahip  la 


4a  ■  C  T  47 
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(3) 


where 


C  •  cooat  act 
o 

T  •  pressurized  witaa 

IS*  pr*«*<*rlz«d  vcluea.  T.  la  a  1 lavor  faactloa  of  th#  fractloa  of  ;  -op*  Haas 
expelled.  because  of  thla  vein*  varlatloa,  tS*  reapoaoe  of  the  eyvtaa  vlll 
chaos*  as  propellant  la  expelled.  Thla  saw  coodltloa  maid  exist  In  a  to  lo¬ 
ti  la  fluid  preseur 1  sat  loo  ifitaa.  Equatloaa  (2)  aad  (3)  caa  ho  coahlao* 
th*  revolting  equation: 
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r  cc  *t>  «] 

1  Pi  dcj 
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Slava  tb»  r«  1st locndlp  hotaaoa  th#  prewar*  raspoaee  aad  tha  ayetaa  tharaal 
character  1st  lea.  Thla  equation  la  valid  for  both  locrweia*  mmd  dacrxaola* 
casuals  preaeu  re .  Th#  rulatlonafclp  batman  t  a*  par  a  ter*  and  priMtfi  taa 
bo  data  rained  froa  tha  data  ia  FI  fur  a  1ft,  tha  apata*  diaeaalooo,  and  th* 
evolita  aaas.  tfteo  tha  ays  tea  ia  flllad  with  propollaat,  tha  relation 

yp 

—  for  tha  turn  OB  and  OFT  epcla  la  approxlaataly  0.0*5  p#l/*C.  At  :oapl»ra 
expulsion.  tha  seen  relationship  la  0.035  pal/*C.  Thaaa  valoaa  aro  lead  oa 
the  tsMptlou  tlwr  tha  saollta  balk  la  at  aa  laatharaal  coadltloa.  Tha 
pressure 
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uberv  IfT)  U  th#  functional  raiatloaaklp  of  ~  *lth  rapact  ta  th#  prmm- 


aurlaod  vol 


Am  cm  b# 


froa  aquation  (5),  th# 
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C.iaraci,  rtatice  of  the  feed  arete*  are  Influenced  by: 

•  Stored  propellent  woiuaw 

•  rt-»»#url* In*  chanber  wold  wolune 

•  Therael  cf  the  aeollc*  canlater 

•  Power  Input 

•  TT.ernel  loo*  rate 

•  Quantity  of  saolit* 

dP 

for  rhe  asr-aaed  inti*  deal*n,  the  ealuee  of  -—  are: 

•  Pul’,  tank 

—  *  10.8  a  IQ-*  (a  -  q  )  pel/aec 
d  la  loea 

where 

P  «  preaaute  In  pel 

•  c  lae  la  aecood* 

q  •  power  input  f roe  heater  la  watte 

!  a 

a  -  thermal  loea  race  f roe  tr*tea  In  watta. 
loan 

•  Taper  tank 

r  *  *  10 ^  (qln  '  <,loe.) 

the  thermal  lcaa  rate  f  roe  the  art  tea  can  be  ad )  ueted  *o  that  It  will  Tary 
between  2.0  and  2.7  watta  oeer  the  amblert  ceaperature  ranee  of  the  feed 
■▼•tee  •urrova.l  1  ny*  and  the  temperature  raj.*-  of  the  leollte.  ky  using  a 
5  watt  heater  element,  the  reerpooaa  char a  rerlitlce  of  toe  ryetea  for  turn 
0*  and  turn  OPT  are: 

e  Pul  1  tank 

Ten*  Oli  -  2.3  to  3.0  minutes 

Turn  OPT  -  2-6  to  3.5  einetee 

•  fapty  tank 

Tan  OK  -  3.6  to  4.8  alnatea 
Turn  OPT  -  4.1  to  5.6  nlnutee 

The  irtr»t«  power  consumed  by  the  feed  system  la  that  equlealent  to  the  tber- 
aal  loaa  rata,  an  averr«e  of  approximately  7.4  watt*.  Peak  power  cf  5  watta 
will  be  uaed  w..«o  the  haiter  element  is  OK. 
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j.  3  .  3  fY«If4  Te«f« 

A  tfriM  o f  experiments  vu  performs d  Co  d4t*ctli»  art— 1  p*rf or— «» 
characteristics  of  a  reel  1  ‘.r-aanr.U  crr»4wur  1  1st loo  '"Ses*  esr«rl- 

writ!  Included  teat*  to  eerlfe  the  pretaufe—  ? etq^eraturw  edaorptloat  charartee- 
!  * '  ‘  'x  of  the  a  no  la-recl  ite  iritfi  and  the  sra:?*  r*tyww  -‘■•araccertec  l-ca. 
A  schemac  1  c  diar-ac  of  the  test  layout  la  sho— j  la  FLtarm  17.  uloe  «a4 
ballast  *olua>  *tr»  calibrated  ao  that  the  <p*aoticp  of  anasm.'a  stocod  la 
them  could  be  determined  from  a  preasura  aetaurewi  Yto  line  smlec— 
was  uaed  to  represent  Che  eoid  vcluaa  is  t  ha  presamre  1—  — lag  of  the  foc4 
a»»tra  vtieo  '.he  bellows  w (  filled  with  prope,act.  TSn  comfc loat loo  of  tW 
line  and  ballaat  v~  -met  war  i^aad  to  represent  the  praaemra  bouaLa*  ealacc 
at  complete  propellant  expulsion.  Although  the  eolua tea  — ra  amlltr  t.haa  La 
the  actual  feed  system,  the  relume  ratio#  were  nemrlr  the  samu  aad  the  ip—  i 
tltr  of  teollte  uaed  was  scaled  proport  tonal  1  e .  The  ballaat  role—  cac  1  A  TO 
cc,  the  line  roiume  b30  cc,  and  the  weight  of  reolita  wee  17. t  gjm. 
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figure  17.  Zeolite  Frotocrpo  Teat  Schematic 

"he  reeul Ci  of  the  edaorptloo  characteristics  t  rat  a  cart .  wltfeia  eaycri- 

•eotal  error,  ider.tical  to  th#  data  she— a  la  ttgmrca  IS  amd  14.  Therm 

waa  a  difference  beth—eu  the  reeul'a  of  the  renpomca  tacts  acd  Che  calcnlafcM 

rtspouaa  data.  Tve  relat  i.mabip,  TVf  as  determine 4  eapnrlnan tally  acc 
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5.-  srrrEs  cowcsnrT  3t$:c* 

A  complete  f*ed  a— tsa  ma  dMt|M4,  fabric*  tael  aad  »»«—*  lad  ult|  the 
r— ulta  of  t be  rc^alyaia  deacribad  La  tbe  pr— lo—  mmczimm  of  thl*  ’Xpert. 

Th*  initial  intent  of  the  colloid  f— d  iri*r«  fabrication  a  ad  u— bla 
pM**  ma  ' o  prtsisr-a  a  d^jooat ratio*  aaateto  baMr-i  iba  v~»i  arterial  :.:a 
developed  La  Section  5.2.  The  ia*plat«  1—tgn  lo— ait  La  itwM  La  Mgitro  '.*. 

Th*  btlloM  41an*Loo*  an  9.bd  lock  CC  by  • . Sd  loch  13  ( rlxui  ?  19). 

■9 

Thia  gl— a  aa»  «*ef«c*  atoraga  ere  a a  ■•actional  area  of  appro  at— taly  bd  la*. 

Th*  be  1  Iowa  awterlal  La  loco— 1  'll.  Th*  b*llo— .  —  doll— rad.  hats  a 
surface  oxl  dm  ofalch  a—  for— d  during  tb*  axtnm  a  I  proca—  log  cyela.  A  c— late 
reeoval  of  thl*  oxide  coa ting  La  — t  poaalbla  wl c boat  Joo—  rtfLxltqt  tt«* 

Incooel  718  corroalca  rxalatasca  propart  la*.  Tnatoarf,  a  hot  c—t  t.'- 
per—nganata  hath  La  ua*d  to  ra—  any  Loaaaly  arfhoront  jxtda.  TV?  ra—  Into* 
o-id*  la  a  thin,  tightly  adhering  flla.  TMa  turlaca  coa^ttlo*  royva—  at  a  chs 
moxlataM  corroiloa  raa latent  state  for  tba  baLlowo  —tor lad. 

Tha  *at  Id  lag  of  th*  hello—  to  the  wad  flaog—  pro— d  to  be  a  d'fflcolt 
problem.  TMa  *raa  duo  In  groat  pert  to  baring  too  loo—  o  fit  bare?  rso  th* 


Mtlng  part*.  It  vm  fortunnta  that  taw  ballowa  had  b««n  ordarad,  alsc* 
repaatad  attawpt#  to  parfaet  waldlng  procador*#  reaultad  la  eooaldarabla 
dawag*  to  cha  f'rat  bailer** .  TV#  waa  aftar  a  a«rl«*  of  oparatlon* 

Including  an  Initial  alactroo  baaw  w«ld,  as  attaapt  to  brldga  ro»lalng 
gap*  by  cha  us*  of  filiar  ■atari#!  La  conjunct low  with  alactroa  b**w 
•aiding,  a  furthar  attaapt  to  bridge  th*  gap  wilng  Httrial  during 

a  tuagatao-ioart  (TIC)  gaa  wald  operation,  and  finally  torch  br  axing  with 
a  gcld-olckal  alloy.  Tha  welding  cf  tha  eacowi  balloa*  aw  finally 
accowpllahad  by  tha  uaa  of  an  interwdlat*  ring.  The  hallow*  wan  f l  rat 
TIC  voided  to  a  ring  placad  ora r  thn  periphery  of  Cha  hallow*  tip.  Tha  rlag 
was  than  TIC  waldad  tc  tha  flange.  Thar*  wa*  a  leak  In  tha  araa  of  tha  final 
weld;  bovwrar,  it  w*a  cloaed  by  paenlng  tha  eald.  In  addition,  tha  araa 
mi  ccvrrad  with  to  rr  aaal  low  vapor  pr*a*tir*  apery  main  to  an  aura 
tha  laa k  would  not  racur. 

Iha  transducer  »a lac  tad  for  tha  tyscaw  has  a  0  to  5  pa  La  prawawra  rang* 
with  a  5-rolt  Milan  output.  It  haa  an  approxiast*  l-volc  offaat  at  xeru 
p'aatura.  Although  tin*  wo*  not  available  on  tha  present  prograa,  on  an 
act  ■*’  'light  iTitm  aultabla  alactrlcal  isolation  technique#  all!  ba 
required  If  a  prasaura  readout  la  desired. 

Tha  squib  vmlvw  aalartad  haa  an  axploaively-oparated  caw  that  ahaara 
a  aetul  diaphrsga.  So  internal  void*  art  era* tad  a#  a  result  of  actuation. 
Tha  residua  of  tha  axplca.tr*  actuation  la  lac ia tad  f row  th*  propellant  by  th* 
pr«*a  aatal  lit  of  tha  caw. 

Tha  ays  tan  raapoas*  characteristic*  create  no  extraordinary  d  — n  ia  on 
the  prasaura  control  logic.  Th*  control  logic  ooamlnts  of  a  first  stag* 
level  da  car  to.  uaad  to  drlr*  a  switching  stag*  f  or  th*  saolita  haa  tar  alawwwc 
power.  Tha  input  to  tha  larval  dot actor  la  tha  oat pat  of  th*  prana ara  traaa— 
ducar  which  non i tor*  tha  feed  era tan  exit  praaawra ■  The  Irani  da  factor 
operate*  at  two  prasaura  larva!#,  lull  faad  aad  propallaat  cut-off  praaacraa. 
Tha  prasaura  level  changa  La  accoaqpliahad  by  switching  th*  nafarawc*  wolr  tga 
to  th*  level  datactor.  It  la  anticipated  that  whan  th*  land  ayataw  la  Inte¬ 
gra  end  into  an  sctual  propul  a  ion  ayataw  tha  praanura  level  control  will  b* 
referenced  to  thruster  baaw  currant.  This  will  aatoaa*  deadly  as  In  t  a  In 
constant  mat  flow  at  constant  rvandl*  volta^a. 
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The  too  lit*  prvssurlrer  aesvmblv  ie  shown  In  FI  gum  57.  Th*  total 
cKarga  la  >*.3  grama  of  tvpe  5A  taolita.  Tha  canister  la  2-3/3  lacb»w 
long  by  1-3/8  inches  In  diameter.  Aiumlnu*  ta  used  throughout  the  assembly- 
Tha  unit  la  aaal*<i  by  TIC  welding.  Th*  h*ater  aaaafsbly  conalata  of  a 
157-oh*  Nlchrome  v  heater  element  wire  packaged  in  >*«0  insulation, 
contained  within  a  2-inch  long  by  1/A-lnch  diameter  Inconel  shesjth,  tha 
total  weight  for  tha  filled  eubesssmbly  la  0.25  lb. 

A  schematic  of  th*  pressure  regulate.  'witching  circuit  la  shown  In 
Figure  58.  Th#  circuit  utilises  an  operational  amplifier  with  positive 
feedback  for  voltage  level  detection.  Tha  output  of  tha  amplifier  la  used 
to  drive  a  tw-stage  switch  which  actuates  tha  taolita  Saatar  decent.  Tha 
output  voltage  of  tha  amplifier  la  tat  at  either  plus  or  minus  5  volts  at 
tha  baaa  of  tha  flrtt  atage  twitch,  ,  by  the  back-to-back  xeoar  dlodee. 

D,  and  0  .  Tha  reference  voltage  on  tha  aapllflar  at  pin  3  la  aat  by  both 

a  ) 

Che  reticence  value  in  parallel  with  tha  tmir  diode  ,  and  the  voltage 
on  the  baaa  of  T^.  For  tha  condition  In  WUch  the  pressure  of  the  feed 
trace*  la  within  the  required  deadband,  tha  oueput  of  the  control  transducer, 
which  ia  connected  to  pin  2  of  tha  operational  amplifier,  will  be  above  tha 
reference  voltage  at  pin  3.  Tha  output  of  tha  amplifier  la  a  negative  5 
volt*  at  tha  base  of  avitch  T, .  With  a  negative  biaa,  the  aw.tch  will  not 
conduct.  When  tha  fend  pressure  dacreaaaa  the  output  of  tha  transducer 
will  decrease,  and  tha  voltage  at  pin  2  will  decrease.  V*i«a  tha  voltage 
at  pin  2  raachae  tha  value  aC  pin  3,  tha  amplifier  output  becoaMe  poeltlve. 
This  causes  the  reference  voltage  at  pin  3  to  assume  a  new  higher  vnlue  which 
la  above  tha  voltage  at  pin  2.  Tha  positive  output  frees  tha  amplifier  causae 
a  positive  baaa  voltage  on  switch  and  it  will  conduct.  Whan  it  la 
conducting,  tha  baaa  voltage  oss  twitch  T,  becomes  positive  and  it  also  ia 
conducting.  This  turn*  tha  haater  element  cm.  The  ammonia  p  reaaare  than 
rises,  thua  increasing  tha  praeaure  end  tha  output  eignal  of  the  control 
transducer.  Tha  potential  at  pin  2  of  tha  amplifier  will  increase  until  it 
reaches  the  new  voltage  level  at  pin  3.  Whan  it  teaches  this  valua,  tha 
as^llfler  outp  t  becomes  negative,  tha  switches  become  nonconducting ,  and 
the  heater  element  la  turned  With  tha  negative  aapllflar  oueput,  tha 

potential  at  pin  3  will  aaauat  *  original  lower  voltage,  which  la  below 
that  at  pin  2.  The  twitching  daadhaod  of  tha  circuit  is  determined  by  the 
magnitude  of  tha  voltage  change  at  pin  3  for  the  caeca  of  poeltlve  and 


negative  amplifier  output.  This  voltage  differencial  cm  be  v«iad  by  s*- 
Justlng  the  1  l  pot  la  series  with  pin  1.  The  pr wawi  lm  j  at  whLdb 
twitching  occur*  are  varied  by  adjusting  the  plck-sp  ,  alt  Lou  <.  *  :W  0.3  poc. 

5.5  rrsns  rcsr  gisut/rs 

The  dry  weight  <noo  optimized)  of  the  tyutan  (cnclwdlna  ataod-off  insula 
tort  and  alactrical  ahlalding)  la  7.5  lba.  The  total  eve ten  veins  La 

fl*.iru  22  la  a  photograph  of  the  aaaanbiad  tyt'.aa.  The  era ran  «aa 
filled  with  5500  cc  (aquivmlant  to  17.6  lba.  of  propellent'  jf  glycsrol.  mU 
(oolite  ptaaaurlzer  charged  with  zanrinla.  The  filled  syctan  ana  dynamically 
taatad  during  a  2  weak,  period  In  which  It  vae  cycled  flee  t law  between  the 
full  OH  (0.5  +0.03  pci)  and  full  OFT  (C.33  +0.015  pal)  poeltloee.  The 
power  requlraeontt  at  this  l lea  were  2  watta  for  the  OH  position  and  1  watt 
for  OFT.  However,  the  reepoaee  tinea  wore  looger  thM  originally  lntanded; 

6  minute*  for  OF? -OP  cycia,  and  12  elnucaa  for  OH-OIY  cycla.  Two 
factors  contributed  to  the  loager  tinea: 

(1)  The  oyacen  wna  designed  for  operation  In  vecwiM.  It  wee  nare 
cocrvrolent  for  laboratory  tasting,  however,  to  operate  oe  work 
beaches ,  outside  of  vacuus,  whore  a  1  parts  are  accessible.  This 
resulted  in  a  stronger  thermal  coupling  of  the  zeolite  canister  to 
its  emrlionaMt .  This  situation  wee  Later  partially  corrected 

by  Insulating  the  canister . 

(2)  it  second  p rob lan  wee  the  gravity  heed  preeeat  during  ground  teat lag. 
The  ooreel  tasting  position  of  the  aye tea  la  awch  that  the  zeolite 
eubeystao  auet  provide  an  add! : iooal  0.5  pel  pressure  compensation, 
«dilch  In  approxlnately  equal  to  the  overall  design  feed  praeeuru. 

This  caeeea  both  a  greeter  response  tine  (epproxinetely  double) 

and  greater  power  requirements. 

The  •  ye  tan  wee  thM  run  through  as  eotlre  expulsion  cycle  lasting  appro  *1- 
Mtaly  ona  Booth.  The  test  set  up  la  ahoue  la  Figure  23.  The  feed  aysten 
la  ahoun  nounted  oe  a  ring  ttnod  as sent  I y  la  the  cm  ter  of  the  figure.  The 
two  4-1  iter  flasks  at  the  right  of  the  photograph  sure  weed  to  receive  the 
propellant  efflux.  Since  the  feed  rysten  la  rsferMcad  to  zero  absolute 
pressure  It  la  necessary  to  Mlataln  the  flasks  evacuated  during  the  expulsion 


Flgur*  23.  fafvlsiaa  Cyel«  Thc 


n*  «t *1  wight  aad  cardboard  rating  w*  to*  of  cbm  rr* too  wn  n^airod 
to  oialolaa  eeowo-ctloo  cwrroot  *  to  hold  faw  th*  than**  l  to— I «t too 
which  w*  taaortad  to  alou  lata  **f«c  tbtr&ui.  ciMUm*.  T1m  cWt 
racardar  at  tbt  '<r  left  «how  th*  prooowrw  trap  c mmm4  by  am  AKfF  rycla 
abort  1  jr  Wfc  r*  tho  ptoco  mm  Ca2ao. 

On-loo  tha  toor  r«-r*t  #r*y~#  1 1  aoe  axpallad  warn  5200  cc.  1%mm.  th* 
ryata*  biod  a  **.  5X  aspoleUe  afftclancy.  Two Iw*  0m~0fY  cyrlo*  om 
carried  oot  during  tt»a  toot.  Dm  t lam  royoirod  tut  Vt-CTf  eyela  w*  led 
baton—  )  mad  7  alrtutaa.  Tho  OFT-Od  ore li  tlao  dap— dad  am  lfpot  power 
aod  pwrcootaif*  dap  at  loo.  At  foil  arpwlaloo,  tha  pa— r  rwyalr— aot  r— 
to  13.5  »ott*  for  a  lfr-olawco  0*  t to* .  PWturu  food  ayataai  daaig—  will  W 
d  lra-cv  ad  at  rod ir  In g  thl*  wolaa,  by  farchor  w*c lalaat loo  of  th#  a— lit* 
caailator  daalgii  and  aonwnt  of  aawoola  load!—.  Tocass  oowlm.iMaotol 
tooting  will  aloe  bo  InotltuXod  to  alaioilao  Ctvaraol  loo* .  Haraarwor.  it  1* 
praaoatly  anticipated  that  woot  alaaiooa  will  ^Apior  a  **!*•*,  thao 
roeowlng  t ha  rayulraa—c  for  a  rapid  cycla  t la# .  Tbia  1#  two  alio— 

•t r logos t  tharaal  laolatloo  tachniya—  to  KlalatLia  ataady-atata  powor 
diaalpotloa. 


txmaczs 


> 


S“1  Tachatcal  b^ort  AJriin.-Tl-64-U.  *’JUtlti*4a  Coatnl  m U  Sft laafcaayi^ 

Safcayataa  Frofraa.  FLaal  lajart,*'  «.  F.  trlaaa.  TXM  SyataN  Croat. 

*trcb  1H4. 

I 

^  -i  a.r..  ,t'w«1  ^*<1  .  T,  /idaorptlga . 

Irtawwr,  Staphan;  fr  locator  Dnlvaralcy  Prana,  Saw  Jar  way.  1S4J. 

> 


» 


I 


ft 


» 


-ii- 


/ 


ft 


r 


«.  H30CLZ  BCSICM  MB 3  TXJTUC 


t .  <  umDoccrrai 

Tha  a* ) a  effort  La  thl*  tMk  mi  ta  <nrn1  —  Che  Va»t  apy roach 
for  covering  '.he  1-al  rrop**«H  to  1-allllaaaad  thrrat  raaga  at  a  apaclf lc 
lapalaa  r«o|«  \-l  10O>- 10C-0  rtacr ada  aad  aoo c*  ai  fldoacy  fTMtar  thaa 
7CZ.  A  aodmlrr  doalpn  affroark,  Wlcb  f '  miaiA  Cha  faWraaf  reliability 
of  co  1  lo  14  propaxa^oa.  worn  choaca.  A  »  -—Ala  aadala  »t»in  art  ay  was 
develop id  aa  tha  f^aaawaatal  WlMlap  block  for  thio  wacayt.  TWn 
•*r»  < hr**  aalor  adraetagaa  to  thia  approach: 

1)  Seal  ability  Tha  Modular  coacape  aayftaaH  aa  a  Major  ad- 
▼catapa  of  the  colloid  threatrr  cbwcapt,  via..  It*  mm 
of  acalahlllty  to  awlt  particular  eh  rue  t  larval  ray*  1  roMaata . 
rSua ,  tha  3t  aaaila  acdule  raa  W  a  baa ic  building  block 
designed  to  aatirfy  a  uiae  variety  of  apacltllrad  ala* Com 
tasks  op  th roeph  rbs  ullllprrl  raapa 

1)  lallabllltjr.  lst»Taodular  laolatfoa  tachalyoas  caa  ba 

«: 11 lied  co  allac'jiaca  the  chaocu  >f  a  ample  aeadle  aal - 
fraction  Jeopard  lx lag  the  entire  ayataa.  Tbia  la  baaed 
to  pa'T  oa  the  k&jvledp*  that  Cha  1 -tit  la’  fillers  aada  ef 
a  oaad’a  la  aat  a  daad  abort,  bat,  rachar,  a  lahia  iacraaaa 
la  baaa  apr rad,  extractor  L  arc  awe  aad  a*  ad  la  act  dap.  (Wes 
■haea  warulap  alpoala  occur.  It  la  pewalble  to  prauaat 
far  char  dLaaapa  by  stopplap  cha  mom  flow,  parhapa  thr nagh 
the  all  of  a  ay*lb  txIvb. 

3)  5 lap  11?  lad  fabrication,  Oerel,:paiet  aad  Taat  fyncadaraa. 

All  laitial  davalapaaaat  aad  c  aat  lap  for  a  /law*  adoafaa  caa 
ha  porforaad  rich  a  ■  lop  la  »  aaadla  aadala.  Thla  pnaalca 
la  a  cawsldarakla  easing  of  fakticacloa  rad  vaeawe  mua 
rayuiraaaate  la  tha  jaurller  atapaa  of  cha  propraa. 

laid  ally.  It  waa  pi.  earn  i  to  flret  develop  oar  3*  aaadla  andala 
rich  a  daalptf  *oa'  of  2  a  lb/ aaadla  threat-  aad  thaa  Wild  a  eultlple 
array  of  thaa*  aodala*  for  high  threat  level  cycrttlot.  Catlap  tha  cuaraa 
of  tha  propraa,  tc  «aa  foaa  '  Chat  cha  3b~*aadle  aedvla  aae  capakla  of 
pft-vdaclap  100  ale  r  rpoaada  of  cSruet,  fc*mr,  a  r»r—i  coatralaotloa 
profclea  developed  which  aad*.  It  aaceaaary  to  rad  aal  pa  tha  aadala  to 
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ainLaJaa  urn  caataalaatlaa-l*dwca4  la at apa  nrmtl.  Thla  prohlaai. 
which  waa  •  raaalt  of  VaeLacattarad  wtmtl  teli|  hl«h  ttewt 

aptri;iM,  m mds  tarn  iMt  of  rro  1  arpad  Ufa  taat la*  la  axlatlag  facllltlaa 
aacawdl^iy  4lff  .it  aa  thrwat  larwala  aara  raiaad .  As  a  rr-tair.  af tar 
aiicoMloa  hatwaaa  T Hi  ao4  A/AM.  yraaona X .  It  mm  4aei4a4  ta  eo acaaorcta 
afforta  taring  tha  rmi»4»r  of  tha  y  i  n|f  w  fwrttarr  4a— i 
rwdaaiga  mad  raalaatloa  of  tha  Waolc  41a.  130  *  Ih  thnat 

4  total  of  t’—. _»i.iaa  »rr»  hailt,  tha  lattar  two  Incorporating  ar- 
taaalwa  daaica  cbaogaa  ha— 4  on  iaf  oi  aa  r  1 1  n  galnad  f nt  tha  original 
grototrrpa.  TV -a  two  acotalra  wrt  thaa  taata4  —rata It,  rathar  thaa 
Li.  tr^aa,  la  ordar  ta  allow  Ilf#  taatlaf  af  aaa  — 4al«  to  yracaa4 
alaal  taaaoaalr  arlth  d  tract  throat  aaaaaraaaau  of  tha  othar.  As  a 
raaalt  of  tSaaa  ax^rrlJHata.  a  1  BOO- Saar  Ufa  taat  aaa  caaplatad  ( twtc* 
tha  SOO-boar  prograa  goal )  la  a441tlaa  to  41ract  aaaaaraaant  of  tha 
130-alcro»oan4  throat  aaut  Its  carrolatloa  with  alawl:  inmaa  t  law— *f  -  f  1  lght 
acat*  ( Sac t loo  g). 


a. 2  icxiiPLX  unu  ixmzymxr 

la  order  ta  taat  tbs  yrof ■ aa4  an 4a  la  alactroAa  roof  I*. rat loo  at 

high  woltngaa  mmi  high  I  ’a  for  <-xtaada4  parlnda,  an 4  to  prowl da  pra- 

•9 

llmlaary  coaf  i  motion  of  tha  haalx  4aalp>  eoacapt .  4  aaa41*«  with  *  >-al  1 
O.D. ,  5)— ail  I .  D.  ■taialaaa  ataal  tahaa  aolVrr  1  ta  tha  wwra 
la  a  ad  la  aodnln.  Tha  » ratal  aaa  ataal  tofcaa  octal  aa  fluid 

■edifying  alactrohaa .  Tha  waadlaa  wwra  aowsta4  flwah  with  tha 
aida  of  tha  aatractor.  Tha  airtractar  aaa  a  30-al  1-thlck  atalalaaa  *taal 
with  aa  hawal  aa  tha  ertrac-to*  halaa.  Thla  caaf  1  gwrat loa  d«^litata4  tha 
aa  a41a— 4ai  lac  tar  a  lac  1 1  a  4a  caa  lltlaaa  ohaa  tha  aaarilr  aa4  daflartora  «*ara 
ofMrrata4  at  tha  aaaa  woltapaa  hat  with  aapara ta  awpyllaa.  Oada-r  amhrraca 
wwctorlag  coa41tloaa .  tha  ♦  !▼  applied  ta  tha  4aflactora  «aa  a— 11 

aaoagh  ao  that  Che  ahowa  altwatlaa,  1 . a. ,  t  •  f.  ,,  ,  waa  approal- 

a  daflactrr 

aata  1  y  traa.  Tharafora,  thla  caaf tgvratloa  ?rcrrlda4  a  polci.  raliahla. 
gealLalaary  taat  of  nccal  >  irf  nnaar  i  aa4  aa4araaca. 

Thla  taat  aaa  flaally  taralaatad  af t»r  591  hoan  to  fraa  to 

facility  »  othar  nqorlwti .  Tha  aaAola  yarf a  road  ncrp t loaal j  r 
wall,  operating  at  1500  amcamd*  I^»  *0  per  coat  efficiency  aa4  17 


t 


> 


« 


thrust  dwrlrg  th*  wtlrt  rai  si  tk  —  pmriarmm  am  degraded* 
llae-of-f  ’  lgbt  data  f  ram  hoi  610L-C1  in  iSom  La  Flgurs-i  1*  c  hrtnjgh  1C. 


Fitur*  U  U  4  typical  t  ise-of-f 1  tgbt  tfwi 


during  chi*  rua. 


neadlee  rtaulaW  tar  f  me .  Thl#  probat'.T  the  e«*et  laportamr  awtc-s 

of  the  uwt .  Dm  t  .  indicated  that  the  |»id*li_nee  La  the 

rlagl*  aaaiil*  eerh  fer  r>e— I1*  -  ew  tract  err  peeltleei.g  M*  an ’.  rjar- 
flgxratloa  are  *al '  1  sod  oucoeaery  to  war*  *  !  toast .  laag-lisad 
operation.  TV's  — r*  tee  r*n«  rretas  accident*  ifL  j  the  net, 
neither  of  sfcich  nwliW  ia  «rr  thruetrr  ,c*t»r Icratl**. 

ha  extractor  patten*  (Future  cawed  hr  the  later  act  lan  ad 

poeltlwe  part l'- .<»  aput taring  aod  neutral  particle  aandaesut lag  can  id  ha 
ee«”»  about  each  extractor  hole.  Streets  la  chase  pat  tome  rad  Let  ad 
outward  f  roe  the  Mi  la.  These  etroal  a  were  claea  era  as  la  the  deaiae  * : 


outward  f  roe  the  Madia.  These  etresL*  were  claea 


aroted  each  oo  la.  They 


to  he  due  to  shadowing  l-t  dirt  Psrtlc-ae 


!  rln|  on  the  extractor,  that  had  later  cep  ted  astarrLal  pnihuta* 
the  needle  tip.  Thle  lad  tested  that  the  eraa  arrrrnd  the  eeedLa 


source  cf  a  Material  rhat 


rhe  acraawlatiaa  of 


the  extractor  tale.  Later  lost  rat  loo  gauge  araeureaeata  gtaucrlbed  la 
the  following  eectloa)  trf  the  aeutral  aolecmlax  easel ry  La  the*  «lci*l ry 
of  the  3d -noodle  aadule  indicated  that  the  bexM  freer lee  set  Included  In 


the  sale  threat 
The  ear j 


lees  O.n  of  the  total 
«t*M  lUy  ef  this  rax  i 


The  ear  rasa  *t*MlUy  « f  this  rax  aada  It  possible  foe  rhe 
axittlai  Jets  to  mala  wadietsrhad  along  the  need  la  rts  for  long  p a*  lade 
of  ties,  result  leg  la  «  rlypl*  pattern  along  the  aanadla  rta  (awe 


of  ties,  result  leg  la  «  rlypl*  pattern  along  the  assdL*  rta  (aue 
Figure  35).  This  patter*  saa  apparuetiy  ceased  bp  elnerr*ly-r:l« 
ecchtaj  cf  tha  arse*  directly  basest*  the  asdtt Lag  )x».  The  am 
of  tha  tipple  psetaraa  m  tha  wsrieu**  aasdlaa  euggaacn  chad  a  >M 


of  tha  tipple  psetaraa  m  tha  wsrieu**  aasdlaa  a* 

shift  It*  peeltloa  after  It  hsa  etched  a  certain 


•  Jed  will 


chi*  ahlf r leg  of  tha  jata  ocean*  as  awgpaeed,  tha  arching  affart  will  he 
epmed  oust  The  actlra  neadle  tin.  thereby  greutiy  taduclag  the  area  las 
rate  ou*rr  the  needle  rla  aa  a  etsla.  Tha  at  china  ssy  sac  ho  pewuad 
os  pure  plat  least.  These  aasdlaa  sans  p  1st  loser-tridlaa.  The  arching 
asp  has*  heas  tea  result  of  chloride  lap  uric  lee  wick  lx  the  aadlisi  lad  Id* 


os  pure  plat  least.  These  aasdlaa  sens  p  1st  loser-tridlaa.  The  etching 
marf  has*  hoes  tee  result  of  chloride  I  spurt  c  lee  wick  lx  the  Sadia*  Iodide 

Wlic,  slam*  chloride  *  in  the  met  elactrolrt  ically  actiwe  aetarlala  aa 
far  aa  pLctinws  la  coscerasd .  The  peso  cl  our  of  laaadl  era  oascera  are: 


« 


Fl|ur«  26.  Thru* t  rtriu*  71m*  Lua  6101-01,  Sis  v«i( 


(1)  Ww  raspidly  h>**  tha  etcfc la*  <*c cvsr ,  *sd  (2)  ln*s  *111  1C  «f>wt 
lifetSjwef  Additional  eacperiaante  *r*  waedad,  to  tatmamt:  tfcao*  fMirlM 
<ua»e.it*ilr*ly  bwC  y<wili  tatlwely  It  epacecrw  chat,  wmtst  lUlUt  oparati® 
condition*,  a  XXX  to  1C, :W0  honr  111*  oar  ttmd.lt  is  pot's  Ik  L u. 

4,1  >4 -VtZBLZ  rtXTlXMASLS  WBKU t  IASIC  3CSIG6 

Flgwr*#  Vi  sad  35  ar*  baelc  ieodwl*  tMil?  drawl  njs .  Figaro 
14  itwwc  photograph*  of  the  final  eodul*.  Individual  madia*  ar*  tba 
coowwntional  *-nil  1.6.  x  14- nil  0.8.  TW  platlawc-iridlsai  d*at*».  Tha 
u*W  1  as  ar*  no  / 1.  Midarwl  la  to  etalnleaa  itMl  a**dl*  ho  War*  la  order 
to  anha&c*  aaciviaeical  Itetagri  ty  and  *harn*i  coart-ol.  Ethyle**  propyl  — 
rufchai:  (£710  O-ringe  prveld*  toil Ivt dual  oaala  with  tha  plaooa  ch—her . 

JETS  waa  choe.*tt  oo  tha  Saal l  of  It*  compatibility  with  both  jlycwrol 
add  setbyl  ethyl  ketassw  cioaol&g  eolation.  >*ml  Hag  problem*  c*n*ad  Vy 
tha  latter  roaultad  Is  r*ia  «k*a  lniwair  at  the  originally  p  Inroad  71  too 
*«a is. 

Tha  (media*  are  errao^ad  la  a  i/*-i»ch  apaelag  **&ar*  array. 

TSa  »*uers  pattern  waa  ci-»o«*a  In  prof  or  coca  to  tha  alight lr  nor*  daaaa 
henragcmal  geometry  In  order  to  simplify  throat  rectorial .  Tha  meter 
alar  trod**  ar*  ’abrlratad  fro*  104  a tala  lata  ataal,  8.94>-l»th  O.D., 
half  cylinder*  hraxad  lata  cedar lying  horixoatal  ataal  a ap pan t  ham . 

Thao,  each  noodle  1*  contained  with!*  •  pair  of  caacantr.tc  parallal 
half  cylindrical  **ct or  clactrod*#.  Tha  food la  tlpa.  oi  tha  *actjr 

alactr;.  _  a* .  aod  front  at  tha  an  tree  tor  platan  ar*  all  coy  laae*  to 
wlthla  a  (m  all*.  One  of  tha  aala  problem*  an  n— r  it  id  1m  fs*rt  rating 
tha  aedala  a*,  that  of  obtaining  ac carat#  alignment  <»<  cfcama  mahtrs. 

4*o t her  critical  coeaidc  ration,  dlnonaavd  later,  tea*  oaa  Length  erf  tSm 
»wtor  pi  rie*  parallel  to  tha  aaadla  ma,  nine*  this  datarnrfnad  tha 
eparing  had naan  tha  rotter  a.Unr.i-od*  noyw-rrt  itnctar*  and  tha  modne- 
•  lda  a/  tha  extractor  plain,  Originally.  thla  41szs.„m  warn  1/14  lack, 
rftlrh,  aadar  claea  ramma  condition#,  am#  aawlly  ahla  to  withstand  «* 
to  20  Sr»  taat  ptxeaarial  dlf faramc*.  It  may  fned.  koatrtr .  that  after 
oaa  or  me  days  of  actual  engine  oparatloa.  1  n  rf ng*  c*.ri«at.s  mm 
laltlatad  ham*—  tha  two  a  erne  taro*  oaa  to  f  laid  aadasloc  fn«a  tha 
aadar* id*  of  the  extractor  plat*.  Pvt  this  raaaaa,  tha  alar  *»cs  bn ti.e ea 


-75- 


r  a  1*  l>[ i4c  tor  Vvctur  fvaltljn,  KoJul* 


I 


tbs  no  >u  tncrssssd  Co  1/1  i*ch  with  •  oyolTaiosiC  lai»gc*e'sLig 

of  tna  sioctrodo  ;UtM.  This  also  rt^ol r*d  rsdaatgs  of  '.So  need  Is 

be i dor* .  bass  plato  sod  ororall  asdo Us  sappsrt  itrwttn  t-»  ar  etsaaodste 
Uva  a *w  dlaenaitma. 

Tm  extractor  *s*  sad*  fro*  Q.QM-tacIr-ihlch,  ataialsacv 

stool ,  oteiefc  *m  Mlectad  Ln  tbs  dssiga  hsca***  of  It*  soitsklllty 

for  «locrrop^U»ttl!V(-  This  ***  d*iw*ai  4a*  i rsi» l«  la  mt4mt  S3  si. ■  tail  *«c 
sxttsctor  sarfaca  rm|hc*«*  la  a  farther  att*a»t  t&  *oir«  ta*  field 
tolseloa  probias*.  Tba  or  tg  i  a*  i  extractor  a  Lil  t  *  ad  0.0*0-lac&“ thick. 

V,*  ataialeac  stool. 

Vh*  isodaie  wss  pot  too  la  m  epoxy  wppert  b«*e  which  also  «*- 
'.^culccad  tho  extractor  sad  xwetot  oloetrodo  *  tractor al  soy pert  poo  to 
«rJ  blgb  to 1  sag*  feedthrough*.  1  tbomlstor  t—p*r*Cvsrs  wasor  and  10  aha* 
t-^sraal  coal  re  1  boater  «1  assents  *oro  al*e  potted  sltbla  tho  ctnscta.ni. 

For  this  roaecen,  fiMraos  rad  Cua.^ag  Stycaet  2850  FT,  a  *p*ci#JL  perpeaa 
thersaJly  cooductir*  aloe  trl  cal  It  laaolatod  rioting  roola.  •*»  **pljy*d 
r*  ti i*  petting  c-'iss^rsod .  This  as  t  or  to  1  boo  a  th*n*l  conductivity  of 


10. 7  B'.;u/lwT?r/°?7iB,  aloctrlcfcl  roalativir*  of  5x10** 


et  77  f. 


sad  dialectic  stnmgtb.  of  190  w’ti/ail.  Lowo  thee  1  'l  net  boo  tor 

oo**r  was  required  to  aotntalx  tbo  aodii  1*  mt  operating  l  nmporats.ro  dm 

i  vtl&g  stt  L£  abroad  . 

Tho  ooasl  pl«>osa  rhaah  if  *oe  «  tse-per  t  doT—tahls  at  roc  tor* 
which  ■rlcwsd  dia**cwdbly  for  c.lasaiog  and  aleo  for  i  soar  tie*  of  am 
lncaroai  fJSlItpora  fllt«r  «cd  sahr,*ao*hly . 

6.3.1  Woeul*  Parf oneanca 

6 . 3 . 1 . 1  Tt  *  1  leu  nary  jfessssg 

Tbm  first  3&-**s*d.L*  weierai  array  asporrlamss  toed  pises  la  a 
foot  chassis*?  fdich  ctJ.li.rss  *  10-isek  dlffwais*  ycxap  ayorso.  This 
vllowd  as  a«aos«*Ktt  of  Sfe*  'reess*  Isoaiixg  a£f*cta  c*.  #  1C— lacs  )-nvgtlag 
rrcts*  *ssd  a  basis  for  ewspet'vsw*  with  Latsr  cmU  is  s  sox  it  Ixwtsllsd 
24-lach  syxtw*.  Lb  ascitic^  .'3  ytjnrtdLag  fT^iisiasr?  ac±-l*  spsrstlo*  1st* 
aed  Ldote^tfylag  trolls  sraota .. 

TSm>  first  r.lso  the  se*tei*  «*a  tort  do*.  It  *o*  sllcwsd  to  rxa 
i at  2 -beans .  DiacSwrjssii  *.«  ta*  rse?  of  tha  *odals  pt**a*t*d  ascssd lag 
15  tr  cosdla  voltage  in  ring  that  tl*a,  Tbo  troohl*  »»  dtegaeded  os 


i 


oisctroe  strwanl ng  to  the  high  voltage  cowaectl one  «(  dm  r®«*  ef 

the  moduli) .  Tbs  front  of  the  aedola,  hawsvor.  vas  e*t  rawly  y»lct.  So 
aesdle  arcing  *o*  obeerved,  end  operation  weo  eery  smooth  vtott  t(*a  bach 
osd  w«a  quiet.  After  2  boon,  it  me  decided  ts  t«t*iMAe  t&«  i«t, 
o^kwj  c.&«  raewaa  chanbor,  M  install  *  am  eoapleta  bnffl*  amend  the 
aodtslc. 

The  nsdela  wee  re*snr»d  frow  the  dwartwr,  cleaned  end)  rtlMttllad. 
After  aodlfying  the  test  eyetea  as  described  wws,  a  mw  raw  wee  initiated. 
This  ms,  which  wee  aliened  to  proceed  for  approsinataly  30  Unre,  wee 
ageist  plagued  fay  lire  lag  at  the  rear  of  the  oodula,  Once  again,  per¬ 
formance  la  the  front  of  the  nodal#  wee  ratreael?  emtk;  m  arcs 
oh  served.  Moat  of  the  effort*  d  nr  lag  the  rw  were  devoted  to  leoLatlag 
causes  of  the  breakdown  problem.  It  *nen  Wroae  apparent  that  dischargee 
were  occurring  be  two  on  the  wain  high  voltage  lead  aod  the  groasded 
thermocouple  wlrea. 

In  addltlos  to  ceealag  erratic  needle  voliage  behavior,  these 
discharges  promoted  adequate  charasl  control,  there  wore  also  diachargee 
ha  tween  the  deflector  lead*  ash  tUe  ground  shield  serven  encaalag  the 
rear  of  the  module.  The  ntractnr  lead  feedthrough  wee  also  breaking 
dowa.  Fortunately,  these  were  all  relatively  straightforward  pro* less 
repaired,  an  later  testa  proves,  note  stringent  tabulation  end  spacing 
requirements  for  tht  various  land  wlrea  inalda  the  vacwwn  oyeten. 

although  no*!  of  the  of  forts  In  this  roe  were  devoted  to  chasing 
down  the  above  pv.obleun,  three  'we-of-f light  photoe  wore  tokeoi  and  the 
revolts  are  preseuted  brlow. 
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21m  mtlu  ww  rwapiily  la  tba  tfnttlaj  rt|in  that  M  baa® 
aaticlpataJ,  aitbaagb  lc  vm  still  hap  ad  ca  toi  100  plfe.  *£  1500 
aacaato  I _  me*  the  awmlwal  difflralelaa  am  elaerai  ap. 

Tba  Ilrut  rwt  In  tba  4x4  foot  rhaabm  *'!i  tba  24~i«b  p****tis| 
rratun  tcMivci  24*  and  *>*lw»r  4*ratl«M,  4rrlaf  aid.dk  ndwt  parr  ■ 
tnimn  parasatar*  war*  MantW.  tba  Mortar  me  (4404-07)  am 
taraiattad  4kmm  ana  of  tfea  atari la*  mm  sporting.  This  fallsr*  mm 
la  tar  aetrltocad  to  faaltp  daflottor  olortroda  paaitlaadag  c«Utl««  to 
Om  oaadla. 

Tha  »k-tour  na  (t "T7-01)  «aa  tvraiutd  Waeawaa  of  axeractoc- 
flat: tor  ltak«|«  camati.  8«4»aywat  sttaapcs  cm  na  tto  aadal*  fallal 
too  co  costlmaod  axtracter-daflactor  knaMiwa  tor-lop  fta-na  41 -pat 
cmu.  TMi  p  rob  loo  mm  Iwllmi  to  te  tud  ay  mm  aonll  initial 
arc  lop  Choc  rooslrsd  froai  bwlldnp  of  kackaattmd  satarLxls  am  tb* 
ext  net  or  writes. 

Apart  troa  tbo  laabapa  probla®,  to  aadwla  parforaad  baastlfslly. 
Tabla  4-1  Hat a  cIm  tlaa-af-fllpht  ^alralsflasa  at  earl  Baa  ape  rat  lap 
points.  It  caa  ba  oooa  tot  lyadlle  lapsliaa  op  to  groatar  (boat 
2000  aaciaoto  vara  obta  xd  at  raaaoaabla  throat  latv  l*.  Tbs  aaao 
still xatloa  afflelaaclos  oast  a  lit  tin  lowar  than  be*1  baas  Saoi  for, 
too  la  pa.  to  htjlwrr  thaa  aaaal  operatise  toaperstaras  respiting  froa 
s  braafedmm  la  to  1  aba  rot  ary  e  saps  raters  eaatsallar. 


4.3.1. 2  Vseo—  Loading 

tor  lap  thaaa  rasa  It  waa  foai  bat  tba  bare  eattn  a&talnabln  b f 
tba  10- Inch  apataa  altb  UE^  la  tba  thread  aa»  ’ll*'*  tarr.  If  aa  ananas 
coop  lata  dissociation  of  aacb  propallaat  nrtols  lata  aavaa  aoaeoadaaslbls 
aalacslaa  (41^  ♦  3  00),  or  patbapa  flea  (2tXj  ♦  00  ♦  0j  ♦  1^) ,  a  aaaa 
flow  rata  of  )»  pa/enc  at  1C  *  torr  ramies  is  amriMi  ~t131  ■  gas 
gaaarstloa  rataa  of  tba  oxoot  of  10C0  1/sae,  vfcidt  tpproaebaa  tba 
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irr" tail  pus*?  t of  speed  of  t Jk®  10-i.sch  rftta*  (-*  2000  1  /mc)  .  TIM,  tM 
preptpl  ir««l  and  propallsaC  mm  flaw  correlated  aa  »U- 

cipsted.  aodala  tMti  1*  CM  MW  24-lacfc  paaplag  ifttm, 

which  has  •^fmlamtmiy  4-1/2  iIm*  jmcn  feed.  •* hlevad 

«>£ 

l.S  a  10  torr,  thua  prow id is*  fwrtMf  camlitlWr 

As  s  BMsiti  ef  cM  aakUat  planana  cnMad  vtthls  CM  riaaM 
mmdme  thews  operating  condition*  t  peeltlwe  «:lt«)t  >mw  mm  applied 
t*  CM  w*<*c  kills  pises  tlwjl  Mick  CM  drwtw  tlxai.  7M 
naalaai  wolt-aaper*  cam  it  Ms  la  figure  37. 

4.3.2  leahagt  Currant  tatpartawat* 

At  til*  ilaa  «a  aUMln  pregrss  wee  laitlatad  u  <l*gwaa 
and  preweac  drain  carrwt*  kttaai  CM  ntractw  and  CM  *actar  elective. 
The  following  faces  •*’«  wecevnrad.  la  camat  aaa  pruaaat  kfna  eM 
rwe,  two  aM  voltageo  30X  la  ascaaa  of  of**  at  lac  welnae  ana  appllk 
for  aauy  Ho  ire .  Oaca  tM  drain  cermets  bagaa,  tMp  lacraaeed  iwaahat 
with  -o  i  t  age .  TW>  alaa  raa a  Inal  at  {vita  lew  weltagae.  Tha  carraac 
fluctuated  shout  a  value  that  Increased  with  tlaa.  Thera  were 
occMlooal  large  carraac  lacreaaae  followed  by  am  *4npt  drop  bech  to 
the  lower  aaa a  value,  Q> waging  tM  bsKfc-acattared  aaterlsl  flaw  tha 
cellar  cor  by  a  factor  of  fear  Op  aowiag  tM  celiac  tar  closer)  cammed 
mo  correlated  change  la  tMaa  emmets. 

tee  device  that  aaa  f owned  to  lacraaec,  mmi  area  taapererlly 
atop*  thaaa  cwrraats  aaa  to  admit  a  high  gaa  praaaasa  *f  wheat  1  s  l© 
torr  into  tM  ayatea.  Ac  this  praaawra,  skat  m  oat  if  waty  thews  mmi 
a  lac trows  la  t  rasa  It  Meld  create  aa  lua  which  teal  A  tmmm  hech  sad 
altar  the  negative  electrode  by  apettarlag  aa  aa  to  tapster  it 
aoaaalttlag.  Bara  aarhu  aa  tha  vector  alactre&w,  «  fniLot  bias 
flnoraacaaca.  a  bright  flaecaa caeca  ware  elllawl  to  was  pelacad  «a  the 
alactrqgaa.  ami  tM  dlctrlhetlaa  «f  nrm(  kOiwt  ita  cw  eaetadag 
electrodes  with  applied  weUsgaa.  all  smJltrmd  tM  the  owraac 
rows  la  ted  of  alacrreaa  f  roe  tM  **t  rector  ta  £ha  Teeter  electrcsgae 
asd  aeaetlaM  a  aaall  cwrraat  t«  the  e»«dle*.  ks  alec  eras  canrrwat 
Me  field  aahaecad.  St  1»  aa  mtf  followed  the  fMlar-lerdhala  Low 
for  field  aadaaloa.  Twa  seplaaaclwM*  are  possible:  the  carraac 
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il|kt  lun  c«MUt*d  o t  thowa— Aa  •<  imIIm  cwrnu,  tick  af 
lodlrldrelly  Ucrww<  aa  predicted  by  tk«  FovlerHtarAela  lav  M 

bantM  »*■ - ’ - out  (vlt boat  Initiating  aa  arc )  to  ha  replaced  Vy 

Mottar  tout*  at  a  higher  voltage;  or  the  pelxte  *«• 

poet  i oodvc tors  and  the  11  drop  rodaced  the  (1*14,  ttawky  etahlUxlag 
the  car  raw  1  Tba  Uttar  rl«  la  la  accord  wltlfe  an  rtwnatli  fra* 

•iagla-er  ~4 la  k'  wort ;  lc  *ee  o*  erred  oftee,  t kat  af tar  tC  ayamiaa 
akaa  the  aaodle  eae  dry  4m  to  either  a  ooedle  klnrkngii  at  da  I Uii 
haring  kaaa  rapidly  rrapor»tW  oat  at  tlia  aod  af  the  needle  by  a  41a- 
cherye,  (laid  aalaaloai  xcarral  daring  negative  ecltago  yaaka.  Thane 
flail  and  anion  carraata  41n»yiir«<  and  war*  raylaeai  by  wratl  needle 
curraat  whan  da  llgat..  repellent  again  retted  da  tly  of  da  needle. 
If  thara  wau  a  co— actloa  becmaa  daaa  cm  carraata.  It  aaa  dac 
ramu  of  the  propellant  aa  a  negative  « Lac  trod  a  La  a  kl«fe  a lac  trie 
flail  predated,  fait  a  falthfnlly.  alactrao  carraata. 

la  aa  attaapt  to  p  at  tkia  re  mat.  effort*  aara  a*4*  ta 
aaooth  the  negative  o l«c t rvda  by  carafal  aecbanlcal  and  alactrlcal 
polish  Log.  It  aaa  foeod  that  a lac tropol lehlng  tha  original  10* 
•talalaaa  ataal  extractor  raeeltcA  la  cone Ida rob  la  ylttl*|.  Far  dac 
raaaoa,  a  change  aaa  mmdm  to  da  iatllfrtl»4  Il-M  at *1  a  1  aaa  ataal. 
Um,  aoao  experiment*  >r*  perfo.-xnd  ta  dataraln*  if  change*  la  da 
aechaalcal  poll*hlrg  procadere*  coaid  lagnvn  da  anftaageaeC  alaetr'"- 
po  1 1  > had  flalah.  Thaaa,  however,  aara  aaaacvraaaf  el . 

SI  oca  roaghaolog  hr  nlrro—erce  has  alae  kaaa  ikairaad. 
«y*rlaMt>  ware  performed  aid  cay  par  aatractare,  which  raald  ha 
eaally  fabricated  aod  *Loctr*y allohe*  la  iddltUa  ta  barley  a  higher 
doraal  dlffaeirtty  which  raald  laaaaa  da  local  load  daaage  Aaa  ta 
laadayoat*  boat  dlaalpatloa.  Thl*  Improved  da  altnatlaa,  bat  did  aac 
cony  lately  allaloata  tha  drxla  carraata.  Tba  aaia  paryaaa  af  daaa 
rxparlaaata  aaa  to  look  for  a  ca  relation  bataaaa  rh«  Imltlatlaa  af 
breakdown  organic  contaeioaclaa  af  da  alactraAa  aarfacaa. 

Tba  entire  ood-t  1  a ,  Inc  lad lag  tba  ceppar  estroeter,  aaa  lanarteHl 
Into  aa  »1 1 r*-Mjh  ttcaa  loa  payed  rye  tan  which  aaa  fraa  at  any  pay 
oil  contamination.  It  aaa  fowmd  that  fall  volt  eg*.  caalA  ba  aa  let*  load 
prior  to  introduction  of  glycerol  laf”  thla  rye  tea.  Be  leakage  carraat 
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Tka  tkrw(«  «m  tk«  relMtn«4  Uu  (!m  JWmI  tittmimm 

>r«««  for  a  parfaraaacs  ckack.  Ai tar  a  ik«n  pariod  »/  apatatiaB. 
tka  fcraalh ijwa  W*aa  act  a  «*ala.  Tka  tinattr  aas  tlaa  pallal  «t,  aa4 
nlM«ft«4  lata  tka  aUra-klpk  rtcaa  rrataa  wltk  aaly  mlaiaal  c laawlag 
Wi«|  p«trf a r— A .  It  «M  tammd  Hat  tka  Untur  cwU  u  I w|tr  ttari 
kl^h  waltapa  mod  t*vat  tN  kraak do—  yrotlaa  taitlatarf  La  tka  «inL«a> 
tta  t  coatiawM. 

Tka  a*w»J c  «aa  tk«a  nawaf  mad  tkaTwsgkly  ela—  ad  at  all  tamr- 
u  aiac'  law  aa4  o me  a  agaia  taacati  la  tka  Loa  arataau  It  was 

fowarf  tkac  It  cmII  am  aaceaaafully  wltkataal  kl*k  A 

a— 11  tkiakla  at  plycarol  mam  tbn  pLacal  la  tka  syatwa  La  tka  rlcialty 
af  (la  tlnaur,  mad  attar  t  iap  I aaa ,  tka  kl|k  wlt«|a  taac  mam  rapast ad- 
la  tkla  Lrataaca  tka  kraafc<*ow«  pkaaaasasa  sacs  apsis  took  placa,  tkaa 
iadicatlap  tkac  tka  proklaa  aaa  dafUltsly  caaasctad  wltk  arpaalc 
mart  oca  ca^taaiaatlaa. 

TkLa  praklaa.  afclc*  la  a|raatW  ky  ksvlap  ta  taac  *1  tkla  a 
osafiaarf  ckawk ir.  will  k aaa  aama  1 apart  am  fatara  tkraatar  iaalpa. 

Tka  raaaaa  It  oaly  rwcaatly  kacam  apparaat  la  caaaactak  wttk  tka 
fact  tkac  mm  k aaa  l'  «a  aara  aapklat lcatad  la  Aaslpmlag  ta  critical 
talaraacaa,  klpkar  wait..  « .  mat  aara  atilapaat  parfaraaara  dammmda. 

Wa  ka*a.  La  fact,  k ipa  ta  paak  tka  llatta  at  tackaslxap?  la  tkla  aama. 
frawiaaa  As  a  Ipsa  ra  pairs!  soly  t  fcw,  1000  at  c.  sad  a  lapmlaa.  am  mtar 
alactrakaa.  aal  aara  awe  am  klpkly  apetaiaad  wltk  rasp-net  ta  valaaa 
tmd  waipkt  rapalr— i  ta.  Tka  orlplaal  1<  maadl*  dmalgm  mam  am  «<tap< 
ta  paak  all  aapacta  at  tkla  tackaalapy  ta  Us  llal ta  md,  am  aack. 
camtarmad  wary  claaaly  ta  taaaaatlaaal  rapairaasats  f  t  aaalllap  klpk 
aaltapa  wttaaa  kraak dmmm  It  la  a aw  ipparaat  tkac  *»  •airs  aarpla  at 

aafaty  la  rapalra!  ta  capanti  far  tka  Aalatarlsaa  ai facta  at  srpaalc 
coat aalaat toa .  Par  tkla  raaaaa,  tka  aakalt  was  ralaslfaal  ta  pcwl^a 

Larpar  talaraacaa  in  tkaas  critical  araaa. 


i.J.J 


paMi  £ 1  aitod  Miu*  &LnmU  fm.k.£gUgl4_&fcl» 

awlkaaca  kaa  lad  lea  tad  tka  paaslklllty  at  appraclakla 


g  1  y~cvT9 1  «taatti4  a  Ida watya  fro*  •  c«U«U  wgl m» .  Cart id  ing  »f  f  1  lasssavta 
it  wt«M  srlMUtluw  «rl tk  raapect  to  a  ila|i«  nail*  kaa  tmm  caa> 
paeUlo  with  tkla  bypotkaola.  1st  sac  f  or  iog oaltloa  paciarx*  km 

aaforead  tka  wyyoalti*.  Tar  foraatloe  at  tka  eeatral  mkWIm  la  aa 
array  cm  another  peaalkl*  iadUacloa  of  llgk  ttm  daoaity  la  froee  of 
tte  aaglaa  la  tccorl  wick  glycarol  rra^ritlm. 

To  fartfcar  laveatlgata  tkla  polar .  tka  glaaa  twkaiacloai  of  aa 
loaiaacloa  |wgi  wvaa  poeitlo*ad  wit  It  la  aa  lack  of  tkc  aaatar  of  a* 

operating  Jfr-aaadla  aoW.lt.  It  w«a  acpwctad  tkat  aa  tacraaaa  af  gauge 

-i 

reading  of  akowt  1  x  10  to  nr  weald  raaale  wfco*  tka  twfeeJLatloe  a*s 
ecrwad  to  tkla  pooitloa,  dan  ta  tka  nxpwctnd  fly  carol  arrival  rata. 

Tka  chaago  okaorved  vat  ealy  nkeet  2  *  10  7  torr.  Tkla  mu<*u  tkat 
tka  t Ircorol  alda  loaa  la  la  raallty  practically  ao*aalotaat,  slaea 
aaalyala  of  tka  psapteg  apwad  of  tka  taka,  cracking  rat  aa  af  tka 
filaaont  of  tka  gaaga,  and  gaaga  coaataata  far  00  aad  g^  aaggaat  tkat 
tka  gaaga  rood lag  will  ka  rnaghl>  twlca  tka  again  trine  preoeurn 
aaaoclatad  wick  tka  arrival  rata.  Tkla  point  woe  ckackad  ta  a  a  op  orate 
it|T| aarr  atari  tka  gaaga  md  1 ta  taka  va-ra  placed  1— illataly  akova 
a  pool  «f  glycerol.  la  tkla  ieotaace,  tka  loalaatla*  gaaga  raepowa 
to  tka  aarwal  glycarol  owrfaca  ai  agar at low  awe  clearly  avldaat . 

Tka  1  x  10  7  tarr  tk  named  wltk  tka  a*  tie  *aa  tWa  egwlvnlaac 
to  aa  arrival  rata  a flu  10^/c*J/ee*.  la— lag  a  coaetaeC  daaelty 
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haw!  op  kart  cal  ewlttaac*,  tka  total  afflux  weald  ka  akeet  1.10  l  amt  or 
1  x  ICf4  graaa/aec.  Tka  total  k  la  ~  3*  a  10~*  grata /awe,  a a  tka 
aeetr&l  glycarel  afflux  La  prokakly  laaa  tka*  I/*  or  IT  of  tka  total 
aa6*  flaw  —  a  aagliglkla  vale*. 

4.3.1  lOOO-gpar  Ufa  Tawt 

Tka  aa*  aadulee  incorporating  tka  pravlaaaly  dlacwaaad  di»Tl  gw 
ckaagaa  wore  Wilt.  Tkla  allowed  taraat  xaaaaraaaata  (tectlaa  >)  ta 
k#  parforaad  oa  oca  thraaftr  while  a  llfa  teat  «*-.  la  pragraaa  la  tka 
other.  Tka  life  taat  mm  parforaad  ta  a  1  a  9  ryotaa  lacorporat lag  am 
Idwenla  21"  dlffoaloc  pv*  aad  ligald  alcrogaa  cry  aw  all  at  tka  rear 
of  tka  eke wk ar .  Two  aaatrallaara  taatad  wl^k  tkla  tkrwtar  aro 


I 


* 


daec r  1  bed  la  Section  4.)  Ceemrrmt  threat  vectoring  axparlmots  era 
r*f«rted  la  Settles  2.3.  A  1  }-lacb— dimeter  haeaycanls  tino— »/-f l^gbt 
collector  m  placed  1.92  a*  tar*  fro*  tba  nodal a.  Th#  wffvww  bine 
me  -20  volts  and  tba  vtm*  ♦12  volte  tT  ia|h«ir  the  teat.  Tab  la 
4-2  1UU  tbs  t  »»*— of -f light  remit*  ebuUmd  at  mrlow  tmaa  during 
th*  tMt. 

for  the  (lrat  ISO  bowra,  the  thruster  perf  jirnf  perfectly. 

The  performance  layrowawt  dM  to  the  daelga  change*  me  clearly  apparent. 

ftodnle  operation  ma  cxtranely  utabla,  with  so  trace  of  f laah lap,  arcing 

or  *##d..j  glow  at  tba  front.  Oar  tba  i l rat  faer  days,  tba  thrmter  me 

gradually  hronght  op  to  lea  ami  sal  1 00-nl c reposed  threat  tenge.  Thla 

mi  done  » lowly  out  of  caution  rather  than  being  dan  ta  a  lack  of 

thruster  response.  It  one  possible  to  attain  1300  saeowAa  1  at  lwa 

•? 

than  li-kv  voltage.  Extractor  currants  of  the  order  of  1  ttlrrosnpsrs 
or  laaa  ware  dram  during  thla  period.  Ttne-of -flight  efficiencies 
vara  of  the  order  of  70X.  It  waa  lowed  fsnng  thla  ;p-r  iod  that  the 
beet  operation  me  obtained  at  a  node la  taape rater*  of  27* C.  After 
IPO  boars,  high  leakage  currmta  appeared  hecwam  tba  ax  tree  tor  and 
hoc  ton  factor  electrode*.  Tba  aerrmc  eater*  for  both  theee  electrode# 
mre  pegged  fell  ecale  (23.*  am)-  Phil*  thla  me  a  considerably  liapr 
tnuklflrae  deration  than  hnd  hem  previously  at  t  aleak  In.  It  me 
evident  that  tba  leakage  prohlan  atlU  existed . 

At  this  polat ,  three  scape  mre  taken  to  cere  the  problee. 
firstly  lee*  p rev lorn  espai I  mi  a  had  daeaaatrstad  that  1 sc reseed 
esc i mm  prseewr*  reduced  the  drain  enrrmte,  a  del  1  karsts  leak  ana 
weed  to  raise  the  present*  to  2  s  10  *  f-rr ,  a  rector  of  tan  Inc  re  sea . 
Secondly,  tba  feed  p  tea  ear*  ana  cat  In  half  to  1”  Sg.  Thirdly,  the 
hem  m a  vectored  by  loner  lag  the  leaser  electrode  hlae  voltage,  tbm 
derrueelr ;  tbs  potent4  si  drop  he  teens  the  extractor  and  deflector  te 
9  kv  tutel.  These  a  tape  net  only  produced  an  Imedlat  a  redncclon  la 
the  drainage  currant  a .  bet  alee  had  •  cewalstlv*  bemflclsj.  effect. 

Obf  or  tenet*  '  f ,  the  tangs  tea  merrallsar,  ehlch  bed  hem  Inadvertantly 
la't  nneJ eg ,  was  burned  out  by  the  added  gee .  by  ltd  149th  hoar  af 

~4 

the  teat,  the  vnemn  ma  ras cored  to  tba  Ice  10  tarr  rang*  and  per- 
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fermeaco  bed  r»t*ri*^  to  AOelh  at  1793  — ade  1  >7  the  2l3tfr  km  , 

•f 

Um  throat  c.o»  id  k«  lac roe* ed  to  99  »  11*  at  1300  ••<— d«  i^KU  ( 

lapelae.  Deflector  dr  ala  nrrnti  had  decreased  to  laee  thee  1  etcre- 

Mf«n. 

The  —del*  continued  to  perform  well,  with  threat#  la  the 
»ld-«0»  Ih  region  —  til  the  J20rh  hour ,  M  which  time  the  dr  ala  e err— to 
rater jed.  The  curative  » rococo  —a  repeated,  accept  thle  tl— .  air 
wee  tied  lo  for  oely  o—  hoar,  ly  ru-log  at  reduced  —ee  flow  and  threat, 
0.1  b  10  *  kg/»e*c  and  34  a  ]h,  it  w—  possible  for  the  eodule  to  oece 
again  cere  l toe if .  Far  the  reel  of  the  teat,  the  three tar  wee  ran  at. 
varloea  threat  level#  and  apnelfle  la— la—  —  iho—  la  Table  A-2.  There 
wee  occasional  pvrlodo  when  the  deflector  cerreet  lecreaeed  slightly 
end  the  nodule  wee  t—porarlly  throttled  beck  to  clee  f  the  prehlea. 

The  eodule  wee  usually  r*»  with  the  he—  vectored  do—,  although 
occasionally  It  would  fix  tor  la  the  opposite  direction. 

Oae  —re  eerier  e  isakagt  >hl—  occurred  ae  the  re— It  of  s 
vecuun  rye  tew  accident  after  930  hour#,  la  thla  instance,  the  11—14 
alt  top—  supply  rea  out  while  the  Ckrester  a—  reo»  g  overnight  we¬ 
ar  traded.  ‘e  «  reeu.’  t,  the  vecu—  aystae  —la  valve  cl— ad  aad  a  safety 
later  lock  e  —  tlcellf  reduced  the  f— d  pr—re  to  terw.  however, 
the  Interlock  for  the  power  rr% lj  «e  failed  and  the  a?  it-e  jvoalae '  V 
high  voltage.  Thla  re—  lead  la  e  e— cl— s  breafcu— o  .  vch  Itjch 
through  the  feed  pr— eurlaetl—  11—  and  ft—  the  vector  electron—  to 
the  extractor,  fry  the  el—  the  situation  wee  discovered  la  rhe  — raiag, 
half  of  an  vector  olectrods  and  port  lo—  of  several  others  had  he— 
badly  eroded.  Although  preview*  to  the  accident  theta  had  he—  — 
avid— ca  of  tar  for— el— ,  heavy  ter  enc  reef,  a  clone  —re  a—  apperea  t 
la  hell  the  acedia* .  Nor—  r,  the  ae—  flow  rata  w—  cow lderahly 
reduced,  Indicating  needle  plugging .  It  w—  ^coalbla  to  r  as  tart  the 
engine  and  coop  lata  the  cast  howwvur ,  performs nca  w—  reduced  to 

the  order  of  30—40  •  lb  threat  and  1000  to  1300  aecoade  I  Ac  1001 

•r 

hoc  the  thrust  w—  teaporerlly  returned  to  97  «  lb  aod  6  eec— de. 

The  opera tioc  wwv  .—table  at  th.  >  point  due  to  r'a  tar  aod  deflector 
d— age ,  ani  the  run  eat  terminated. 


-92- 


7.  Twcrr  nuctsun 


7.1  OBCUL 

A  e;o«a  flaamrs  tkmt  »taoi  «u  •*««'  Lo  mhuh  ckrMti  la  tha 
100  alb  rsega  for  ttra*  aotelaa:  (1)  tbs  »iidU,  tkmt  mtstakU 
vtmmlf x  aotels,  (2)  tba  Xb-ass Ala.  tkrwt  vocterafcla  wfcU,  and  (3) 
tbs  A-ssaAla  aaaulsr  hotels.  'Attomr  pwi  lit  la,  tfcxasA  Had  «d  tins- 
of- (light  data  vara  catena  sisalcaasoasl}  .  Tbs  ftUartai  cast  tarlidaa 
t  teacripcioe  of  tte  tkmt  ttnd,  aupsrlaaatal  *tUf,  artktd  ti 
■MturKst,  axpsrtmaatal  rasslta  (Tsblsa  7-1,  7-2,  and  7-3),  a  Harm 
aloa  of  the**  numlti,  mi  a  caapartsoa  of  tlw if-fll|kt  and  dtmt 

7.2  TMCST  STAID 

ta  ord<r  to  accwrataly  Minn  100  alcropoaada  of  tkmt ,  «  toot 
itnd  with  h«*h  losd-to-p raclaloa  ratio  (  —  3  a  10*  lha/lbf)  — p- *•«  1  ,my 
•a a  rsgvtrsd.  TM*  lapuaad  ssvars  MMltlrlty  rntralati  oa  taat  Mnd 
Axilla.  Frovlalooa  for  aloe  tried  pout,  c’T—d  liaJu>,  and  algaal  lac 
to  tha  throatar  ayatsn  under  taat  had  to  tea  wda  wit  hoot  coap  r  mla  laj; 
accuracy  rsqulrsnanta .  TSa  taat  stand  had  to  oparnte  la  tha  new) 
tknkit  orlroaMet  seeded  for  threater  svelaetlos,  sod  bs  lasUted  froa 
sectenOcal  vibrations  and  salsa  (tMntrd  try  agslpnaat  or  other 

facility  dlitarteacw. 

lbs  tbmat  stand  ji*d  tor  this  p«rpnn  la  shs«a>  Is  rtgsre  V..  It 

to  a  ba^aocod  ban  asyndad  oa  two  pairs  of  cross  ad  flassrsl  sanbers. 

Tbs  ha  an  pivots  about,  tbs  lisa  locator  by  eba  pa  1st  a  stairs  tba  flssarsl 
aaafears  cross.  A  sirs  sound!  flat  coll  la  rl*V>Al7  attachad  to  tbs  boon 
at  tl*  pivot  point  and  ta  Locatvd  bstsaaa  tbs  pola  placas  of  a  stationary 
psraaaaat  la.grat.  Tba  throat  terries  la  attached  ta  tba  frtlaacad  am  mmi 
hacoaaa  «a  Integral  part  of  tba  au  speeded  aystaa.  Cosntsrseigjrta  ore 
pool  timed  oa  tha  balance  ara  halos  tha  pivot  lisa  of  tha  thrsat  at and 
to  adjsat  tha  restoring  fores  of  tha  soap  sue  lm  rrataa  aed  iha  aonaac 
of  laartla  of  cm  ausfoadad  aasaately.  All  $  mar  mi  signal  leads 
rsgsirsd  ter log  thruatar  operatic*  ara  cennectsd  to  tba  throat  stand 


T*bl«  7-2.  Thrust  lUuuriMAti  for  34-H ««4U  n#r M«t 

Vactorabla  Hoduta  Throat  flta«4  «*d  TOP  Data 


iji 


1  !  3  5  !  | 


i 


t  s  a  a  a  s 


1  S  j  *  *  S  3 


o  *  .  «*  • 

«  <4  ttf  «4  ^ 


►*•  f* 


2  5  1 


***S332* 


jinjn* 

^  *4  *3  atf  a*  at  <41 

IliJIll? 

-•  mm  mm  «a  -c 


»•  «  «  4  4  «  4  >4 

a:nn:3 


M  j  o  «  4 

3:713:33 


«  *•  4  4 


•  #  f  @  W  HP'  40# 

<**'  ant^ooo 


3  313 

:  :  t  8  .  •  x  : 

*  «  *  tfk 

®***S3'** 

£*22*285 

*  •  •  *  »  ••* 

*  ?  « 


IJS5SSU 


; ; ii ! u 


*•  1>  >♦  4> 


b.  Rear  VU*  I 


Ttfurm  39.  9  Anaular-.Saadla  Hodula  Mouatad  oa  Throat  Stand 

(TropalLant  laaarrolr.  Capillary  Fuad  Tuba  and 
Caa  Prcsauract  Tuba  ara  Via lb la) . 


i 


I 


U  Marfwla 


Tafeia  M.  Yhraas*  Hoasereuoata  for  tha  4  huaelar  Bm rf 
Throat  St  *2>£  sad  TO?  Sacs 


cwtscidiw*  w»th  tha  pivot  Ha*.  Tba  pjaaar  I **«ee»  lira  attached  to  tba 
•turf  oa  oaa  aid*  of  tha  balance  uru,  «ad  «l$e&l  Itumlit  we  ttw  ertiwr . 

The  crcwaorf  fl«o*ra«  «•  laolatwrf  aloctrlcally  tram  b*?r!«  ibe  halssoc* 

•ra  and  gnswwd  «sd  aay  bw  ***-A  for  high— cmrraws ,  loww»lti(«  lmm4e  * 

thirling  tratioa,  threat  gwwrstad  by  th*>  three Ter  wt  li  cmm  tb* 
b>«A*»c*  »r»  tmd  iim  coll  to  rotate  skowt  tba  pleat  pvlM .  Da  flue  Cion  of 
vh<*  «ra  la  twal  toted  by  tno  cuwaga  la  r««  1st  aura  wf  *  aogartf.c  mwUIti 
rwaieter  (HI* tor)  that  la  rigidly  attached  to  ttw  haJLwaxa  ara  and  located 
la  tba  fiald  of  fba  ponMcMwt  saagsoi.  Ttsa  Mlat at  la  one  lag  of  a  bridgw 
circuit.  Ttw  rflractloa  of  rotation  of  the  «t«c4  la  aamaad  by  tlw  polarity 
of  the  b  (Ag*  output. 

For  uaaoarwaarat  of  ataady-atata  tkrat  l«ewl„  tJw  throat  aturf  la 
w«rf  m  a  nail-  -balaaca  4«eie«.  Sflwej  ttw  ataad  la  rfaflactol  by  tha  throat 
force,  tte*  Mia  tor  bridge  bee***?*  aafcul  aacarf.  A  cartoaC  la  applied  ta  tba 
coll,  wither  awaiMilly  or  by  a  faadbecli  rystaw.  Tha  ccnapllang  of  tha 
cwgeetle  f laid  of  tba  ponaasraot  «ot sg#*»c  aad  that  UwKcad  by  tha  coil 
curraat  wxorta  a  force  that  etiaaiere  tha  throat  tore*.  Tha  coll  cwrrott 
required  to  reruns  the  >r»  to  ita  wait  paultloa  la  p  report IosmiI  ta  tha 
threat  laral,  Tba  dee  tea  la  allbrated  for  etaedy-etate  threat  by 
eeaaertng  the  current  requited  to  reatora  tba  wall  h alatac*  with  kuoua 
atewdy-etete  torque*. 


tA  tmAvmxuL  smr 


Vtm  throat  ■  ( oal  — d  t\mm-mt~(  light  arr— **•— t  ta  ifwi  hIi  ao- 
tit'.*1-!?  la  F l  tor*  )1.  TV*  —tsal  flat— co  t r«  th*  aaAiia  t »  th* 
f  l«tr~>»f-f light  collector  waat  1.1  •*<•».  TV*  a«4«l«  a* d  f— d  ayot  — 
osr®  —tad  am  tom  of  * W  throat  itaM  WaJ.anca  h—  flgirro  VS* . 
o&a**  •>#  tkrut  otaad  aitfe  that  >  Malta  Malar  a»<al«  wiatri  21  cm 
Ama  sSwt  flwr  11a*.  rigoro  Jdh.  la  a  »t  —  tram  th*  hack  of  t taa 
m4m la,  l«*a  el  tit*  aodo.lo  oh  laid  Sag  h—  h— »  r o*u  »it  to  mmkm  tka 
ta4«U  tail  food  oyat  —  rlalM*.  TV#  k<at la  of  «1  rac  coaiog  la  fra* 
th*  left  oat  tala*  th*  Mlatar  at*!  <S*fl*etl  —  call  sir—.  TV#  k—dlo  ** 
tit*  rig**  cotatalM  th*  thr—  tkrwtar  1  aorta  (a— dla,  ntmtar,  a ad 
lei'b? tor  «o  1 ; aga )  m4  tha  food  yr— to  toh*  ( 2 fc—Ml  1  0.0.,  11-a»ll  1.9. 
<S ) .  TW  food  praaaara  toh*  «—*  eaa*  ta  praaaatUa  th*  fXfallaat 
rmmmroic  am  '.h*  otaad. 

Th*  tlrnjt  at— d  «u  calibrated  hy  p  lac  lag  a  Might  atjelvalaac  ta 

100  »1&  <15.$  ollllgra— )  at  a  go  lac  *«f»al  la  dlat— c#  to  nha  tknaur 
l*a*r  or*  (->??>  ca)  frcai  th*  pleat.  Th*  carraat  rayal  red  :<*  i  mhi  th* 
halaMXw  arc  to  It*  orlglaal  p— ltloa  *•—  thas  a— red.  Taa  csllhracl— 
ohtal — d  «**»  in  «— /g».  Is  add  It  In*  to  th*  —11  tochalf— ,  a  — f  lac t  la* 
aarra  thro/it  collhcntioa  —a  —  f* .  This  dll.  ad  fra*  th*  **11  tac  Vai¬ 
s'S*  la  that  itm  t  of  daflactloa  ta*aad  hy  ta*  100  all  might  wa* 

■a a** rod  and  thou  th*  —mist  of  coll  corroat:  rc**l rad  to  c— aa  a*  a*oal 
d*tfl*ctloa  *««  otMiW.  1  lac*  thla  Latar  callhratlaa  agraod  etth  tha 
coll  callhracitMt,  It  m*  fait  that  throat  — ora— t*  coaid  accerataly 
ha  «— rod  L't  th*  I^X)  alb  raag*  hy  — urlag  has*  *ff,  a*  daflac- 

tl— *.  T&la  tnchslitoa  w—  — d  la  *oat  throat  *a**»ro—  ta  hoc— aa  It 
«**  isjaicfcat"  wd  aiijhplar  ta  a—  thas  th*  —11  t*ch*  1  g— . 

TV*  — Itivity  of  rh*  throat  ataad,  a*  •  phyaleal  p— dalasi,  ta 
rslattsd  to  1  if-  gmricri.  TV*  loagar  th*  parlc*  th*  groat  ar  th*  deflect  1— 
for  «  given  throat  lorev*.  Cra-dty  la  tha  sajor  r— tor  lag  torgo*  atac* 
carwfol  p ! ac «st*MP  along  tha  pi— <  11—  aad  a—  af  th*  thla—  t  —d  fa— 
swasher  of  paaaj r .  stigAiil  as d  faadlla—  V*m  rsdacsd  th*  torgoa  affact  at 
th*—  oirm  to  a  sluts—-  txyarl—co  h—  eh*— 


that  s  p*rlod  of  i 


mc«Ai  will  proSwco  m  trcir #< y  of  103  H  100  »1V.  Ac  cat *ey  U 
Sa'-rral*«»S  if  tW  mm t  of  -*•  t  Ipc  t  low  ef  tha  kau aaro  »n  for  «  |i*M 
forca  smS  the  trrat  la  raaalwg  r».  totsS  Sof  lectio***.  T V*  wj  ■■»« 
for  orrwr  tw  tm  f '  ret  low  raaSlnt'  la  «  kr«t«twt*  !i  rha  rat  era  of  tW 
■ol wo;  in  to  Its  ortglaaJ  position.  TYls  is  cwW  hy  (M  pliahl* 
mow  lot  low  w  tha  oorlowe  wiroc  a*S  fowSchrwwghs  raawhorlag  thair 
forwwr  pwltioaw.  Awe  char  cawoo  of  arrer  pac  allot  to  tka  oloctroototU 
thrwtar  Is  t  V#  Saflactlag  fore*  aw  tho  *rw  Wo  to  moct  root  at  i .;  iwogoo 
ow  tho  moo  took  owlls.  This  affect  la  aialairwS  h»  carefel  aklaldlag 
of  tha  thrwtar  aa4  Or  Sr-opplng  ths  awl tags  to  half  It*  total  rwloo  wkw 
tko  col  lo lk  lees  la  taraoS  or  f  for  tkrwst  woaoeraw— f.  i.  This  rWectw 
tho  twga  f or'oo  to  1/4  of  what  tWj  wools  Vo  V*S  tha  voltage  tow 
tarawS  cows  lata  It  Sow,  alwco  this  fort*  vartaa  with  tko  e^oan  of  V* 

vwltOgO. 


too*  flow  rato  Sat*  wora  okta'aaS  la  taw  weya :  Vf  visually  follovtag 
tha  propo  llwt  V,‘  jht  la  a  capillary  toko,  awS  by  rwrorSlag  tha  Safloc- 
t  low  ewrows  t  la*  ohlft  of  tko  Vwiwc*  arw  a*  prwpollwt  «**  w«S  my.  la 
t  So  first  tec  ha  l*v>*  ,  vertical  ooctlaw  of  tbo  capillary  taking  c«:'«(  tag 
tVa  rassraatr  to  tha  woSulo  war*  calibrates  for  wlws  vartaa  laa^tb.  The 
■await  of  tha  awlocas  Scma  or  ug  thaoa  tekaa  with  t  law  w  aoaaarvS 
with  a  cittaioatctr  viowlag  t Vo  aoalocw  throwgh  a  aladow  la  tVa  eocaw 
cyotaw.  la  tVo  atcowS  r*clal*aa,  tho  p^altloa  of  tha  halaacs  ceoter  af 
•rarity  provldaS  a  aaea-ira  cf  tha  prop*  llawt  buy  let  low  !  a  tha  rowrvwlr. 
Tha  rao-ti  .eat  shift  la  tha  halwaca  opsllihrlw  po*itloa,oa  aawaorwS  a 
ch^rt  rwcorSa r ,  tbu*  ptorldoS  a  aaaarwro  of  tha  propellant  flow. 


Tlw  of -flight  Sata  ears  takw  calaclSwt  with  tha  f  Vrwat  aoaaart- 
aaat a .  Traca*  an  tafcw  pracsS-ag  each  thraet  aaaaoreaeat ■  4  flat 

haaay  caW  tlaa  of-fllght  co  1  lac  tor  awS  twa  VlawaS  screw*  waa  uaaS.  Tha 
•craw  clowst  to  tba  col  lac  tor  ate*  VlaaaS  -100  volt*.  Tha  <K  Var  ocraw 
olasatS  v5C  volts.  Tha  flight  path  SlfftrwS  allghtly  f row  ra  ea 
hat  «ao  aowlaally  1.3  safari. 


} 
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7.4  07V5IW3fTAt  1*573.0 


first  sodala  tMt*4 ,  tha  4~aoadl«  s 


WfMlwU 


ao4»le,< 


ra  oa  tha  f '  -«*t  *t m*£  far  I  ha* 


ntt  tknwi 


rasgto*  f rsa  TO  to  120  *14 .  Tha  flrat  f«"o* 


wuirwax *  am  **4«  with  tha  daflacCars  '«<■*• 
rstractor  volt ar»  V  ta  p* i ■] t  oparatioa  *C  U 
t  .  fW  laat  :««  4«ti  pa  1st  a  «r»  ia<*  la  wn 
th*  daf  lac  tor  *«Uatt  littnNltt*  >iOhm  T  aa 


la  cj 


Uh  tha 


U  «alti 


cnllfimlra  olik 


■MMtW  vlaaally  aad  ftsa  tha  slop*  of  tha  halaara  rrra  da*  Lact  laa  sat  aad 


t  laa  display  o*  •  chart  racordar.  Th*  tlaa-af- flight 
data  ara  glsar  la  Tabla  7-1. 


tarace  at* 


Data  fraa  tha  aaeoad  aodala  toot  ad,  tin  M  awdla  tfcr  t 


tttnkW 


oodala, ara  llatad  la  Tahla  7-2.  This  aadala 


for  10  boars.  Slstaaa  throat 


aparstad  aa  (ha  Ki 
■akt  omtrlai  tbs  n 


froa  40  to  110  *14.  Oaly  s  1  -««a  1  aaaa  flos*  raCa  aaiaattm  osata  arts  aada 
hacaaaa  tha  p royw»  1  last  raaartolr  aaa  caatarad  soar  tha  > l wK  1  Laa.  rhla 
««  doa*  hacaaao .  Curia*  tha  pr  crl  oaa  res .  the  it  aad  shift  *4  aa  .acidly 


with  t laa  It  had 


JUf lesit  to  obtain  tkraat  data  hafora  tha  chart 


racordln*  had  goaa  off  acal.?.  Ill  chaaga  was  •  nl»  :  tdo  hacaaaa  throat 
stand  daflactloa  with  yrof*lU*t  waaga  pantits  a  rapid  aaasaraaM  mi 
a  aad  prmrldaa  aa  lndrsaarWat  attack,  aa  wr  ▼iaaal  a  aaaaaraaaats.  la 
latar  aoMsfai  nata .  tha  prop*  1  lr_t  irsar  ara  oaa  alaead  aaa  hnlf  aa  far 

f  rrso  tha  plant  1  laa  aa  la  tha  first  throat  axparlaaat .  Tfcla  l*p(  tha 
chart  raccrder  froa  ao'ting  off  acala  too  f aat  hat  at  1 11  porolrtsd  takla* 
A  calcu'atloaa  f roa  ilcrpa. 

Data  froa  tha  h-wsadla  aaaalar  aodola .  tha  third  taatad.  la  dhaaa 
la  Tahia  7-1.  This  aodola  did  aat  parfora  wall .  It  oaa  dlfflralt  ta 
ohtala  atahla  corraat*  doa  ta  poor  wetting  aad  aaadla-aaf  ractar  arrlag. 


tractor  arrlag. 


Thaao  data  ara  tha  laaat  sccorata  hac.amaa  «f  tha  aaatabla  op o roc  laa  at 
tha  aodola.  la  addition,  aoao  of  tha  high  saltaga  Lands  ccsalag  lata 
t ho  halaoco  baaa  along  tha  pivot  11a*  wars  Latar  fosa*  to  ha vo  haaa 
looaa.  Wbaa  t  «aa«  vlraa  oars  loooa  they  e.aoaad  a  targaa  oa  tha  halaaci 
aa  soltagas  at*  appllad  to  tha  aodola.  Thla  torpoa  oaa  fiaaad  ta  ha 


tha  aodula.  la  addition. 


I 


y«ri#bls.  Dm  ef fact  could  net  be  a.  Initiated  f row  the  been  off,  bean ■ 
on  deflections.  All  A  data  war*  obialaed  fron  the  thmst  stead  Ami  lac¬ 


tic*  with  tiss.  Bo  visual  4  nsssux 


because  ths  rfc. jrm  1  r 


woo  ill lght lv  ovor?  11  lad  sad  thm  props llaat  moIkw  sever  4 rcppod  late 
the  capillary  tube.  Had  this  nodule  performed  better,  It  would  have  been 
run  loot  enough  to  brlag  ths  mnlscu*  down  lata  the.  capillary. 

7.5  D1SOJ55IC® 

The  first  two  aodulsa  psrforeed  well,  providing  stable  09.  stlon 
uhl Is  00  tho  thrust  itand.  TSs  third  Module  did  not  perfors  wall  sad 
t  he  re  wars  uncart  ale t  1**  la  thrust  stead  ope ret lao  (soo  tho  preceding 
sect  Ice) .  There f ora ,  It  is  fait  ‘ ha  oat  a  from  ths  first  tw  run* 

(Table  7-1  and  7-2)  provide  ths  host  conpertson  of  TOT  nd  thrust  stand 
«,  ..ursnrats. 

Thrust  stand  accuracy  Is  fslt  to  bs  wlthla  101  at  100  gib  sad 
proport loexata ly  lacs  at  ijwsr  thrusts,  flectrostat le  leege  forcer  had 
a  vary  easll  affset  os  balance  era  deflection  (lass  thou  12  it  !00  glv 
In  ths  first  too  *xp;?rl*aats) . 

.os  wucoi .iiotie*  of  ths  tlas-of-f light  technique  result  frees 
several  unrelated  factors.  They  arc  (1)  ths  use  of  fist  eoUsttpr, 

(27  not  subtracting  ths  energy  loss  fro*  V  whan  calculating  ths  serines 
performance  parameters,  sod  (3)  tbs  difficulty  of  accurately  read  leg  ths 
tall  sad  of  ths  TOT  trace  shore  ths  curt set  approaches  gar®, 

A  fist  collector  exaggerates  ths  4  valese  because  of  been  spread. 

Tho  greeter  ths  spread,  the  greeter  the  exaggeration.  This  affect 
1  host  Id  bs  relatively  e’vor  with  a  narrow  bean  (^10  degress}  at  Igfc  I 

sp 

operation  (>  1000  seconds).  At  loswr  1  ,  this  affect  be coney  ears 

*T 

laportant  because  low  1  beans  alnoet  aleoys  (Is  s  well  wetting  aedwie) 
have  wide  bean  epresd  v^>0  degress). 


The  affect  of  energy  loss  has  been  eeaeurnd  at  — *X  for  a  colloid 
hone  operating  at  10  kv  (Eaf.  7-1).  Vt  Including  this  la  ths  tlne-ef- 
f light  calculations  should  produce  slightly  hlgnet  thrusts,  ease  flow 
rates,  and  af f lcianclaa. 
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if 


vbantr  tk*  carrMt  MMltivity  la  the  maiTf  1 leecoya  w  yep— ly 

lacnuMi  to  wra  acntattlj  okam  Uw  tail  and  of  the  Cite*,  the 

recasting  calc  detunes  yrog rasas d  eoyeycccicALly  toward*  kit***  A, 

higher  chrwt,  lower  officiate:?,  *M  Lower  I  . 

•? 

The  own  effect  of  clwao  orroro  >«nwi  efferent  whan  TV  af  threat 
•uai  Ot»  or*  coy  ra4.  The  threat  stand  data  Indicated,  generally, 
higher  threats,  low  t  l^'s,  higher  A,  and  lew**  at t’lelenclae  than  tba 
TOT  elate.  Tba  difference*  era  not  too  greet.  la  Table*  7-1  and  1-2 „ 
tba  nrwaot  between  TO?  aaa  threat  ataad  ealwaa  of  threat  la  cleee. 
0*t  of  16  coeyar lsoos,  sot  differed  by  *  t,  «w  by  ITZ,  and  tea  by  112. 
All  tba  root  agreed  to  with  la  102.  Tba  threat  stand  aaaaarad  higher 
throat  la  10  oat  of  16  cooas.  It  also  Indicated  higher  A  la  12  oat  of 
16  conyarlsoos.  The  threat  afficlaacloa  ware  lower  la  1J  owe  16  tlaaa. 


Thaaa  raaalta  awggaat  that  m  inability  to  accerataly  read  tha  Loot 
yart  of  tha  TO?  trace  aryLala*  aoat  of  the  difference  tacwwae  tha  TO?  mm 
threat  stead  date.  Tha  layortanca  of  tha  tell  ead  of  tha  TO?  trace  cea 
ha  * aaa  free  tha  TO?  egwatioa  for  A, 


the  TO? 


of  tha  TO?  trace  cea 


t  l(t)  it 


here,  mj  addltloaal  1(c)  la  weighted  hr  alltlylylag  ' t  hy  t.  Ohwiawaly, 
If  1(c)  eyyroachaa  aero  slowly,  hot  la  aa  close  ta  tare  that  It  caaaat 
ha  41f  fareatletad  free  sara,  thaa  aa  orrar  la  A  cea  occwr  -Am  I  (t )  1* 


seaweed  to  ha  sera  earlier  thaa  It  ehowld. 

A  wary  let  wrest  lag  aatcaaa  af  tha  throne  aaaawrsaaats  aaa  that 

threat  sff  lclaacy  ayyaarsd  ta  ga  ay  with  lac  rasa  ad  I  (ar  aara  accw  scaly 
_ _  *? 

with  lac  re  aa  ad  Q/H).  This  effect  will  have  ta  ha  verified  la  later 

axyarlaaate  became*  It  la  coetrary  ta  what  la  ladle  a  r  *d  by  TO?  dace.  If 
It  ie  tree,  thee  the  high  use  yeah  at  high  Q/h  oyer jt lae  is  bh •  than 
of  fast  by  a  reduct  low  la  the  alow  low  Q/M  ysrtldea. 


»  •  • 


with  Lac 


axyarlaeste 


It  la  tree,  tt 
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The  4«U  Is  T*kU  7-)  the  third  m4iiU  tea  tad  are  aacwa '  -n 
ceaf  srs4  to  Tables  7-1  ead  7-2  ilac*  the  tkmt  rt4  a  v*i  >*•  nr«  lower 
( baa  tbs  TOf  veleea.  fcwtm,  ee  seeclowad  fesfa rs,  thia  eodule  eaher-  ml 
erratically,  — hist  it  difficult  te  ikuU  Ut«,  TV*  ecatter  Is  tbs 
Ascs  is  •  rweelc  of  esrellahle  hth r» to r ■ 

the  relatively  law  I  *§  (laee  thee  1300  eecoede)  «r«  the  reeelt 
of  eat  he~laf  tlJM  Co  osslyte  tSr  date  durlsg  the  teete  and  ir«  w( 
lsdicatlwo  of  eo4ula  ceeehllltlae.  Is  tM  first  two  toot*,  we  *o rt*d 
wall  wlthla  the  llsli, a  of  voltage  oyeratloa  wed  cosid  have  adjusted 
the  voltage  tad  feed  freeware  for  1500  mcowU  oyaTecioa  sc  100  »Ib. 

7.4  CMCU310M 

The  TOF  awd  thrust  atead  thrust  a  t|rM ,  os  tbs  os* rag*,  to  rltht* 
10Z.  Tbs  low  TCF  4  valiaee  (cowgered  to  throat  ataed  *e.>a*e)  nay  bo  tbs 
rssolt  of  os.'  1  nobility  to  accurately  fallow  the  TOT  troco  who*  It  1# 
*«ry  c loo*  to  toro.  Careful  attastloa  to  this  part  of  the  tract  will 
hr  lag  ths  TOF  amd  throat  ateod  Oats  cloaor  together.  high  Q/X,  high 
(l.e..  high  voltage)  ofarulae  lap roves  the  throat  afflciescy  over 

low  1  ,  low  Q/M  oyeracloa. 

•? 

Additional  teat*  west  ha  weds  to  aerify,  hy  super  iawatel  r*o*t  it  tow. 
the  ah o*a  coeclssiowe.  Ths  sea  ef  throat  steads  Is  l.TSg-iart t  teats 
its* art  »r  h<*  V-erectfc*?  hag * ■«« »  of  th<*  hwih issue  of  rSe  ataw 4  *sw*  < t • 
awed  for  e  cosataat,  roaw  twyauure  aarvl rmaiin .  TOF  t wchwigua*  will 
cast  laws  to  ha  eewd.  Xt  soy  ha  aaalrahle  Co  aaa  a  Lo^rUhsir  awyllflar 
to  lap  rove  the  accuracy  of  the  TOF  ruadlags  rj  sakiag  tha  tall  sad  ef 
the  TOF  trsas  sore  slalhls. 


&  Tnwui  Awxnis  or  »®ri 


&  ' i f  )oi«<S  transfer  tedWaU  mm  wdnirtait*®  e«  r. he  critical 

cacpisswaats  of  •:*•>«  aswhal#  to  determine  tit*  vets  of  ttalsr  rodiai  tou  ami 
tkrsra-i  Vs«tt  «**r jj7  ';>»«*  sc  sfe*  t  «&#*:' star*  ««•»  »tt< i •  tip.  rb* 

Urwwc ts»S ®d  Is  stows  Is  FI  £>»r*  *0,  i»m  csMavat  id  «t  the  satirdrssc  ? let « 
the  iMcailmi,  *ho  ladwL*  Vasa  *a^  r.t»  aaarfia  toWtr.  For  the  #f 

XM>  aaftlfel* ,  stw  acedia  4aAd*r  was  t*k««  &&  pHT%  of  t b>9  •es’tfia.j.®  p 
dMMM  tnv>tr»t«r«  is  cswtrollad  at  )05‘R. 


wom^-s  wi  ■  wa 


ri pm  40.  C »MMf  '  of  tha  TViraai  Aadfela  far  rtc  »  Wacdla  Htxhils 


Modula  tayifttiw  coutroi  la  acctanpllahad  vtUfc  tW  (MfelMU  kmc 
of  a  Jwxfeaid  baasor  and  a  t  ho  rod  ;<a<tecf*act  t»  »  ridlMer  or  fife* 
rolatlvuly  e«ld  epwrncraft  itncun.  TYia  la  doolrud  bataaM  tha 
$  I  reared  >  com  l  La**;  riacoalty  la  highly  twy»r«t«m  ‘ilta*, 

t*  i«w*8*»  **adlo  t*ap*ratwro  Till  significantly  affac  mm  11m 
r»c« .  TSm  H-wll«  cal  la  14  tbnrctor  Mtl«  l*  Im1|m4  t*  ifttmn 
with  a  propallant  taeyHwaevra  of  *3*  -17*C.  Th*  furynan  *«f  th*  analyulo 
»*p  to  dutamiaa  tha  drrlatlaa  of  tM  madia  ia^tmwt  from  itm 
dnaign  rnlua  duo  to  Use  sf facto  of  talar  rad  las  to*  and  owt|y  loot*. 

Tfe<«  a  tody  showed  that  tha  su«4la  fill  aamaliy  ifortti  adnut  3.3*C 
tW««  tha  control  i*wy*rat»r*  of  tha  nadula  tax.  It  km  forth** 
fouad  that  aiaoat  alt  taie  cawpatraeura  dlff«raa>c«  ia  da*  to  tfe*»  mergy 
loan  oactunXa*.  cut  tho  of  facta  of  volar  radiation  era  lral*»I.f  leant  ► 

TS»  merfy  too*  la  roughly  yro*or,  ional  to  aaodla;  current,  and  la  *ua?*j*et 
to  control  tod  odanrvutloa;  tfcarofora,  tha  aardia  tonyaracuru  la  alan. 

TSeruu-ly ,  tha  anndla  was  aa*n*ad  r.o  bafcm  Ilka  a  mat 

radiator  »lt»  •  cturatl  conduct  aaea  to  th*  ha#«  tctiaintd  by  tha  total 
owned*  lae|ti>.  5  lac*  iilnont  all  of  th#  k«t  la %ut  la  dua  to  «a*ryy 
Ion#  and  occurs  at  t tM  r  ip  of  tlM  aaadlv ,  chia  .yynara  to  W  a  pm1 
•anaatlot.  Tin  radiation  araaa  «*n  crayat«d  accord  la*  Co  cfc*  art**  A 
aryoaod  auxfac*  araa  of  a  -  arc  anndla.  Too  ak  laid  lag  affoct  of  daflactor 
olactrodn*  woa  tot  takas  lac  a  aeconatC.  5  Inca  im  affect  a  of  radial  lew 
r  ra  foam*  to  b*  ao  ana  11  la  thla  atody.  It  la  ronjonahi 0  to  a^osana  t flat 
th*  Oafioctora  would  bur**  a  t«**rac  «xs  cloaa  tc*  Om  control  ina**  rac  v"^ , 
and  would  tand  to  Iran  the  aandla  taay arataru  ds***  by  ahialatuj. 

TV*  caan  atudiod  m*  that  af  that  great  oof,  lllaal&sf  Ion  Inctdant  on 
t  ho  aandla.  hncanan  of  thla,  end  bacaaoa  of  tha  wsltaioa  of  th*  d*?l*c~ 
Cora,  It  vna  la  giona  aaana  a  Sortt  c*aa."  Tha  yroblsa  of  uaacla 
lllanlnatlon  can  bu  yoand  by  rafarriag  agala  to  Ftgrru  10.  *o-g..  net  Ijry 

*«neh  of  facta  mm  day  and**  of  aniaoivity  00  0*4 ’a  of  iacldnac* »  tha 
af factivu  Irradiated  arna  of  a  madia  of  alaaatar  4  la  gle**  by: 
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etfiera  1*  tfc*  t/  f  Kttri  length  e&oan  la  FI  fare  ■> \  *»4  mmc 

L  ®  a  els  9 
m 

\  {  •  is  1m»  cH«8  *oiAi  critic.*!  at&l#  &^,  %  in  '  vtm  t  i  a  i  a*4  to  He  is* 

avtimm  e*lw»,  tHo  wm>41*  lenjtH  t  .  If  &  *  *  ,  tfce  eo&atialet  t«  s*  tit* 

$  € 

•xtrecte*  wis  r *«ts. .«*«  wM 

L  «  f  cee  ® 

a 

efcicik  le  ilw  ceawSitice  ehoan  ia  the  figure,  Te©  axpraealima  for  «ff»<ti»« 

» fee  e-:y*wes 

A  *  <(  L  «ia  f).  $  <  £ 

*  «  ‘  c 


A  •  4r  com  «.  ?■  »  V 

*  c 


For  a  lA-eil  teodie  «  standard  extractor,  tike  folltxriag  -'S' Si i&>  itrt> 

were  wand . 

4  **  0 .03! %  cm,  ae*41s  iittwr  ar 

t  «•  0.13V  c»,  «*tr*ctor  hole  twiiam 
La  »  0.3*4  ce,  mh*41«  length  iWo-®  Holier 

The  Mintmm  affective  * see  ocrur*  w*i««  th#  two  eirpreeeiue*  for 

A  are  aeu-tl .  Ta  1*  ««ff  a*.  #  . 

•  « 

4  »  13",  critic*!  leciAtwc*  angle 
W  •  0 . 0035  ' ,  eexiema  affective  eree 

la  mrliijsfl  the  ««t  racl  <rr  iwKit  H*l*»c*  „  tJHs  r*4i*.f  ire  Hoar 

traoafcr  Hot-eea*  the  awduua  H*js*  sms  the  ststrectcr  vsa  feftssassed  to  tash/; 
piece  ae  Hetwnsa*  tw  jtlaer.  awr ferae  of  e^eei  oeieelviiy .  9wse<t  eonAwcrtaet 
the  two  t*Ae*  yl*ca  tHreefh  foas  ate.tal«ee  if'sel  se*.sAa.  THa 
Heulsnc*  eajee'ioiae  a^ear  -m  follows  . 


Kedlatlow  to  apace  rndiatloe  to  nodaia  *  cendsKSioa  t»  codeia  " 
aJtMbereei  iaciefesit  aolar  rail  at  ion. 


«  «  A 

H  « 


♦  o  A  (1/s  *  l/t 


-I)'1 


(T 


*  k  A 
a  s 


r  -  r  }/i 

X  ft  t 


a  tee  *  ,  A 

c  a  x 
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I 


4 


,!i  2  & 

«  *  1.4  7*  10  wstte/ca  -  *K  t  kaiiii  >•!£»-«« 
e  “  0.10,  alMli  Uy  of  «*t  factor,  fw  klwRiowa 
t  «  0.10,  aorlaalvlt?  of  hare 

IS 

•  0.222  mmtt/em  -  *C,  UmtmI  caaflNtlvltr  of  etsiA* 

L  »  0.44  os,  gttt4  fcaifkt 

•  2 

A  «  0.14$  c*  ,  total  irtd  cr&m  MZtias 

*  2 

A  -  20.4  cm  .  ewe  wrtnactor  trw 

S  2 

&  *  3.140  awi. t  /  e»  ,  IfccHwat  fc»L**’  tad-iji* lam  it  awwtr  earth 

aavi  r  itawt 

tJeia*  a  aodwla  t£4»tricvn)  «*'  •*  305*1,  (k  «kw  aynclw  «*a 

*se!*«W  for  T  -T  (the  c  cards*-? iw  ttrw)  .4  ■atlto<  <ti 

i  *» 

»;>■£ ras laan*  i .  ’Tw  ra*«itl»«  *%t rector  *«aparalw»  mmm  T  «  JOI.J*’!,, 
or  about  1.1  tba  S«*«  sattyaratBrr.  The  folloariag  ywm 

distribut  iesi  va.4  found. 

2 

lacideat  *«i«r  radiation  •  ).013*  wmzt/cm 
%mmt  conducted  to  awduio  »  OOOOAA  uetto 
Red lac ions  to  nodula  -  9.00011  watt* 

Redl  'loa  t&-  a^ac#  *  0,00511  watts 


TVs  hwet  axebaoga  krtma  (rctrocsor  mnd  aaadla  la  raw  Mtll  t« 
iaflnanua  ihla  b#l*»ca,  m  the  solatia*  of  tfass  naodl*  hMt  halsiBCa 
«ao0LtloHM  shona.  La  f  or**.l»t ifi.4  tbeaa  eey&atiaae,  it  *wa  aannwid  thee 
tfc*  mdiatlv*  view  factor  fn»  ctw  aandlo  t«  hath  ilw  «*t rector  «**«  r Sms 
nxte.e  N\a*  fa  *-qual  la  wa—Wlif  «a  a^roxiafela  t«tw,  t  low  La  the  Latter 
c«*m .  TVv  tMdU  oworip'  Loes  «m  hawed  <*•  wnasand  *®lta®a  4br*p  mi 
400  tu  1 1 »  a  acaataal  aaad.la  tatmt  «f  L'  gjcrrinaf  a  row.  Tha  Wiaawss 

s^oatlona  >n  fenasd  a*  feller*#. 


JL*Aiatia«  to  aatractor  4  sdiatfs*  to  iradale  ♦  cawbact i«w  C*  " 

nearly  laws  ♦  f&cidaas  oelar  radiat lea . 


0  »  A  (T  *  -  T  *)  ♦  •  «  A 

a  is*  a  s  a  ■ 


(T  -  T 


S 


*■  k 

B 


A 

ac 


T  ),l  -  I  ♦  * 

a  3 


t 

a 


A 

* 


.H , 


» 


K 


« 


^  4 


»  « 


I 


I*  #  « 


>  « 


I  « 


» 


« 


* 


% 


I 


.*>  .ai<* 


><uJi.  -  - 


«  *»  0.035,  mmmII*  wImUUt,  for  j**!!** *4  p  Is  Uw 

*  3 

Ik  ®  0 .  ?t3  ntt/ai  -  *C,  e*aiwc 1 1  srt ty ,  i «  * L«* Ijktss 

ft  2 

A  *  3.0*37  a*  ,  m»«2«  peri*****  er«c ,.  r  4  l 

**  * i  2  * 

A  «  0.041*10  ra  .  eto*»  *K.t  Sow 

vc 

I  •  0.004  «Mtt/M»*4l  t  „  Mr gr  l«M 

Ttw  twMtla  croo*  ooctloA  «wr  7c*>m»4  fMr  •  •taadUrd  I4-«ll  mmo41*, 
md  tiw»  pH*rl»«T»f  tm  wess  eaia»I*t»4  aotwafci*®  at  onyoMed  portion  of 
r*v»  vo-mila  »*<?»«  tits  w«mU  1.^1401  of  0.231  laeJk  la  loajth .  T"N«  eiwrs'a 
•tutl'o  mi  «*©1»m4  for  T  -T  la  t  tlmllar  mw rt  to  rbe  *at . a< t or 

MM 

o^o«tlj«.  T3m  revolt  I34  wnn4U  t*ey<*rsi»re  w  fcwoirt  c«  t*s  ?  **  >04.fc*t. 
tAotrf  3.4*  aferro  tbo  V  »*  t«f*r«tin.  TW  fol loving  jpoa»sr  4ist  rl4«t  loo 

VMM  f -3».«Oki  . 

9o«c  cosftda»cte4  to  «s«6 1«  -  0.004  *MCt/«M«41* 
tadlatloM  to  M9*«l*  »  0.05  1  10  ' 
tattoo  to  ♦*? rector  •  0.417  1  10  * 
earner  io«*  *  0.00*  »**t 
laeldaot  aolar  n4i«i  loa  «  0.1*4  %  10  * 

2 

latf  c«  t bo  extractor  ok  e f  10.4  ca  for  tfew  3*— 
the  «TM»ra$«  radio?  lew  4ss®fllty  fro®  lb#  taiklM  to  tike  txtrtctar  1* 

0.74  a  10  ^  *ott/cnJ.  TMa  1#  a  ao«J  1  fracttJK  of  msy  of  tba  p«»i 
lapota  to  tb#  **c factor  w*icA  t&r*M  baao  occ«*mkio4  for,  s»d  It*  aogloxt 
1*  j«»*cifiad. 


9.  rstomiMT  assumes 


I*  aridities  co  lal-flytaroi  O  $*a  Bal  t«  10  g«s  m!  flytjetrolj „  S.3ii* 
HamUrd  colloid  pr»p*ll*»£ ,  th*  follow! »f  p ran*  1 1  m.< »  fame  baas  taatWi 
eeiftg  platlaos  m«41m  (14  all  0.0*,  4  ail  I.S.): 

t  Rl-flycaral  (5  |h  K1  to  10  gm  «f  glycerol) 

•  Cut ,  Bal-flycar®!  (3  gtaa  Ual ,  3  |H  Cal  :«  30  | pw  af  jlyrariiJ.) 

«  Ligwld  j«Ul<w 
«  coalwa 

Tha  Kl-f lycaral  sad  Sfcal,  Cai-f lycacol  propelL-rs**  did  mat  ysrfamaa  fit  LI 
a»  JUl-*iye*rcl.  Th*  galllua  io*  ’tyocl—  «•*  idaatiflod  M  Ca  .  Tto* 
csmlua  loa  ayaclae  w*-  iducttlflad  aa  Ca  tad  tba  —am  wtliiaat las  mumn&re- 
■nrati  ledieata  c  ta»c  at  ia#«at  775  of  the  saaa  la  atiJLsiad  La  tW  lew  ktaas. 
I*  wad!  Clews  Co  thws  it  ana  ray*  read  la  thia  wa<!tloa.  work  with  KoA-s 1  »c«t*2 
Is  reported  la  C !>«  aactioa  deaorlblag  palaod  wl  AC  < wwrk . 

9.1  Cal,  tt* I -CJ.T CEKC3 

4  aJtstara  of  caeivaa  and  yotaaaiuM  lodltWa  la  glytaral  **na  net  far 
atxrcit  400  hocrw  .  Initial  rwaults  ware  good.  Ladle  at  Lng  af  ftclas. -L«n* 
graatar  tfca*  akxnti  »3X  far  agpecific  <*w«laaa  of  1000  ewcas^a*.  Hwi  town 
«*>«*  tadlcatad  oaly  om  i^xIm  -  Naavlar  tt*»  with  **l~vadf 
l-atay  ope r*  1 1 3«*  4**r*J*d,  «ad  a***i*v  charted  d — 'tir.it  tan  lowed  nxxmumi 
tfc<*  aaax) 1  w  Liao,  aroalcs*  cf  the  plat  lauw-1  rid  1  <m»  msadla  »«.•#  matmi'i. 
Altlxswffe  ,.y  arte lag  coadltioaa  wr»  admittedly  soor  ( eoc  Erupted,  tdhmtx 
f.  -fee  aaeadl*  act  i*»Yoad  cha  extractor.  astd  oftaa  tlsa*  i*#uf  f  Lc  1  «*< 

*•*»£  1  w»  «  <v»  extractor),  swrldeoca  la  eotaatlag  that  kwr.ffiwioir  \mmrn 

reek  aa  yotaeeiv*  *•«.<  cswlvtt  comma  aere  tar-flag  »md  peealhly  ewwa  aawaX  » 
are* lea.  )>e  elitun  wa*  aante  by  alxl/ry  ^wal  irslmmm  ef  1/10  (10  gran*/ 
100  cc  glycerol)  o'  Cal-glycanol  trick  a  naatatl'rtty  af  1900  aim- -cm  ami  a 
vtacoalty  of  414  caatiato&ea  '  s; .  • . )  aad  3/10  Ka(  wick  4700  adaa-ca  «md 
1300  ceetClatoLas .  Tha  raws)  c lag  aiicnra  had  a  Ttacoaity  af  45k  c.a.  not. 
a  rawlatlrity  of  4200  otea-o i.  All  rtsolac  lrlclaa  imi  rla<walcl«>«  wara 
aearmrad  it  23*C. 
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A  l.'O— to*  w  mtr4*  ufl lag  KI/|lfC«rol.  t^ruti  tf  tlo«4  to 

4  y lb/a»e<Mlle  «*sre  a«i.atoin//4  «t  13  g^rcMt  sfflelsaclss  l*OG  9 

!  In  |ro*r*l,  tfw  II  frivpollnnt  l«»Wf  QfH  tmA  tt&Tv! of* 

lower  !  bcaw*  for  oqui  molest  volt****,  enw«  flow  s*4  thrust.  TW*r»  vw* 

•f 

slaeat  •<*  low  <n  tto»  tina-of-f lijfct  ( ~'  '  trscas  ( 71 juts  *1). 
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Tta  Kl-giycarol  aolutloa  —a  •  3  —a  *2  ta  13  ad  at  jl ycaroi 
aixtara .  Dm  vlacoalty  v«a  5?3  cMtlttUM  ata  t ta  raalatmry  —a 
2300  ota~oa  at  25’C. 

Altar  ifMlm  tta  tmM.,  le  w*«  muc*4  < tat  c s«  hm41m  — 
almost  ca— lataly  covrrW  v^tls  IJ  cryattls  (•«*  * I  jv.r  *  41).  Ttaata 
cryatala  *  r«  — »*r%«tly  for— 4  4ur  tug  t  ta  v»  !«oat -oparst  la—l  ta* sea 
Cta  —tala  r— a  lata  la  *tc—  fur  tog  a  la—  talttav  vstaata.  Ttara 
M  ba—  —  tatarlora*  loa  tar  lag  tta  p r  \mx  1  FO-ta»-r  t «( ,  —  It  ta 
— 1  Italy  ttat  t—  cryatala  —  ra  p raaaat  tar  lag  tta  r— .  2a  ataltU m 
ttay  vara  —ally  vtalbla  ata  voal4  ta—  taaa  aotlcta  :hro— ta  tta 
vaos—  vlaa  port  U*4  ttay  f or— 4  tar'ag  tta  rum .  TVla  crystal  grearth 
by  traarit loa  of  glycarel  fraac  tta  aolutloa  at  tta  —tala  tip  c—14 
ta  a  y  rota  1—  tar  lag  aatatata  atatoo—  y^rtota.  taparla—  t*  will  ha— 
to  ta  —4a  to  taataraiae  Sow  taat  to  oya rata  tta  colloi4  thruatara 
tar  lag  ait— 4a4  taro  (hr— t  yurlta  ’ . 


Flyura  *2.  lua  tbO S-01  -  3/10  Il-Clrcarol  Solutloa.  II  Crratal 

Crovth  oa  Hfttalaa  Aftar  Salting  ’K)  Houra  la  Tacwa  Irt'b 
ta—  Of l',  l.a..  Zara  Foltagw  a- 4  Zaro  Fata  PTaaar.ra 
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S»*atJk*  if  t he  University  of  Illinois  found  Chat  spraying  galiluw- 
lcdit**  eutectic  products  only  dlaers  nod  t«-tro»M*rs  but  no  singly  charged 
loot.  Since  »a  error  la  ehr  lots  species  tight  account  for  the  ipp«:«t 
difference  la  the  uii  carried  by  the  lets  oes.  and  the  amount  of  **«e 
used  ee  det»i-»ined  In  peat  experiments  by  weighing,  it  wee  decided  to 
•ore  carefully  Identify  the  Ion  species.  A  longer  TOE  length,  56  cm 
versu a  20  ra,  was  ueed  to  lapr-ve  accuracy.  The  rueep  apeed  oi  the 
oscilloscope  was  calibrated  egalnat  known  frequencies  and  the  delay  In 
amplifier  response,  approximately  1/*  elcroeecood,  waa  subtracted  fro* 
all  tlae  of  flights. 

Aa  in  p»at  nrparlaenti,  a  hollow  platinum  needle  with  e  60*  ccasical 
tip  tapered  from  the  1A  ell  O.D.  to  a  A  ell  1,0.  wee  used  to  Introduce 
the  gulllia*  Into  the  high  field  at  the  needle  tip.  The  needle  a i:d  high 
voltage  lead-ins  were  carefully  shielded  to  prevent  collection  of 
secondary  electrons.  The  galliuei  was  introduced  Into  a  chamber  behind 
the  nredle  before  Inetallat Ion.  Scene  gallium  wes  forced  through  the 
needle  and  then  the  needle  tip  wae  coeted  with  a  thin  file  of  gal llue 
and  gallium  ovlde  by  drawing  the  tip  through  a  bath  of  oxide -covered 
gallitm.  This  last  atep  wee  neceeaery  to  ensure  good  vmttlr.g  of  the 
needle  which  provides  a  foundation  for  the  emitting  cone  of  liquid 
Mial  at  the  ne  die  tip. 

The  gallluss  needle  v»*  operated  for  several  hours  before  being 
•"sighed  to  ensure  that  a  stable  Ion  current  could  be  mairtaluwd  and 
that  any  mass  lcet  In  the  Initial  starT-'ip  p;«».»wure  would  not  be 
counted  In  the  final  weighing.  After  the  lnltlcl  startup,  the  needle 
wae  cooled  to  frtexe  the  gallium,  then  carefully  remrvod  without 
disturbing  the  emitting  tip,  weighed  and  then  replaced.  The  needle 
was  operated  it  t  hortxoctal  position  to  eliminate  hvdroafatic  head. 


^D.  S.  Swatik,  University  ot  Illinois,  ""Product  loo  of  Sigh  Current 
Density  Ion  Seem*  by  E lect rGhydrodvnjmlc  '.raying  Techniques," 

1A  Hay  1969. 
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(  *  p««iclv*  feed  prwaaura  was  r«K*uir«d  to  maintain  •  ataady  earranc .  !f 

tt«s  t*«d  praaeura  war*  rwaoyed,  tha  currant  would  ataadily  dialalah  ovar 
•  period  of  aavaral  hour*  until  aataai-m  atepped.  This  phanonanon  had 
bs»«n  obicnrtd  la  Cha  past  and  u«i  c*  .  „  hr  a  gradual  diaappa-’-vnca  of 
Cha  emitting  coca  aa  tha  gallli*  -beaded  into  tha  naadla  tip.  Ac  a 
praaaura  of  0.8  Inch  of  Hg,  6.20  kr  waa  required  to  maintain  a  cwrrane 
of  65  uaapa  (V^  •  ~*00  volts).  At  highar  prattures,  up  to  approxlMtaly 
3  incSa*  of  Hg,  cha  currant  would  inertaat,  for  a  fixed  voltage,  with 
increased  preeaure.  Above  3  inch#*,  large  dropa  of  gallitaa  could  be 
i  i««o  ha  in*  pullad  off  fro®  tha  needle  tip  jnd  tha  current  would  puiaa. 

*  ion  species  doteralnad  from  iha  TCF  traces  shown  in  Figure  *3 
ara  within  51  o'  tha  Q/'M  value  for  aingly  charged  gsUita  ions; 

1.27  x  10  ‘  coul/kg  eaaaured  versus  1.35  x  10  coui/kg  actu  1  valua  of 
,  th«  toaic  apse  if lc  charge  for  Ga'*’.  Froa  this  Aa^a  and  exv*riwaata  mmdm 

in  Nay-Juna  1968,  it  appear*  that  tha  only  ion  apeclaa  to  w-ithi,-<  ‘  parcant 
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of  th«  total  Ion  currant  la  Ga  .  U  ia  earlier  ii^ariatsti,  nort  aaae 
«ri  loat  than  could  ba  accounted  for  iu  t ha  Ion  been.  Id  t ha  preeent 
exparlaer  «,  fha  ratio*  of  aatturad  uaa  flown  to  thoee  calculated  'rc+ 
sn  t  awd  1001  Ion  currant  vara  3.1  and  4.6.  Tha  difference  la  tha 
rat  toe  aav  ba  cauaed  bv  two  factora:  (1)  Imperfect  shielding  frcaa 
aacondarr  el-ctrone  ( coi lact lag  electron*  oo  tha  poaltiv#  electrode* 
would  produce  higher  needle  curranta  than  war*  actually  going  'nto  Iona 
.* would  tend  to  lover  tha  aaaa  utilization  ratio),  and  (2)  a  faad 
praaaura  dependent#  in  the  aaaa  utilization  ratio,  although  thia  haa 
noc  epaclf icallv  btcn  teatad  for,  aa  yet.  Tha  eurround^ng  aurfacea, 
ihadoved  f  rcxa  gallium  acotae  Chat  might  return  after  atrlking  tha 
collector  or  valla  of  tha  tank  but  In  diract  lio*  of  aight  rith  tha 
needle  tip,  ware  coatad  with  g*ltl».  Thia  aourca  of  coating  could 
only  have  bean  tha  oaadle  and  could  not  Hawa  bean  la  tha  fora  of  high 
"1  iooa  which  would  have  aputterad  tha  aurfacea  claan  rather  than 
coating  the*. 

<». 3.2  Ceatoa 

9. 3.2.1  lquld  hetal  Teat  Station 

Tha  liquid  aaCal  teat  aCatloo  for  caelum  (figure  44)  la  deelgruwd 
to  provide  claan  caalvca  to  a  needle  for  t  ijae-of-f  light  anaiyala.  A 
▼  lav  port  permit  a  vlaual  obeervatlon  of  tha  emitting  rvtxMla .  Chrrgeo 
coot am  treat loo  le  kept  at  a  minimum  by  ualng  a  leak- free  aymtaai  capable 
of  10  ®  nm  of  Hg  vacuum  aftar  bakmout .  Sot  h  the  upper  and  low*tr  rntm 
can  ba  baked  out  to  reduce  water  vapor  evolution  frcaa  tha  glaaa.  In 
cidltioo.au  '—T,  trap  la  viced  to  trap  T  aldual  9,0  In  tha  evatemi.  Low— 

J.  A. 

dewpolut,  ozv'w n-fraa  rogvn  provldea  faad  praaaura.  A  capium 

boiler  dlatllla  caelum  into  tha  atalnleee  ataal  faad  line  connected  to 
tha  needle.  Aa  tha  caaivaa  In  the  fead  lloa  la  uaad  up,  tha  total 
realatenca  of  tha  lloa  chsigea.  Thia  change  In  realatanca  la  uaad  to 
calculate  maas  <uaga.  By  keeping  a  record  of  tha  nuedle  current  leva  la 
for  lor*  ^enough  oerlode,  tha  TOT  data  loo  apac'pa  can  ba  uaad  to  d*tar- 
alna  tha  maaa  elected  In  tba  torn  baaa  end  coopered  with  the  meet  ueage 
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flyura  44 .  Liquid  Metal  Teit  Section.  A  turbo-«olecular  puaqr  capable 
of  producing  c  vacuiaa  in  the  10  *  tocr  ranga  la  uaed  to 
pu*p  out  the  bell  Jar.  The  feed  rystaai  la  aade  fro*  glasa 
and  atalnlesa  (teal  tubing.  The  lead  ayatea  can  ba  baked 
out.  The  ceslioa  la  dlatillvd  f  rca  a  boiler  Into  the  glaaa 
tubing  Just  above  the  1/8  Inch  0,0. ,  1/lb  Inch  I.D.  etalnleea 

attel  tubing.  The  ccilia  la  then  forced  th' - yh  t b«-  etei"— 

.•it  (teal  tubing  by  nitrogen  gaa  yreeeure  fthe  nitrogen  la 
dried  by  peealng  it  through  tubing  laewraed  la  an  L5 ,  drear) . 
A  vie*  window  for  microscopic  ebaereatiod  of  th#  oaeala  tip 
la  uaed  to  taka  photography  of  the  ead.rting  cotta  on 
the  needle  tip.  A  t la* -of-f I lght  collector,  situated  aberra 
the  needle  tip,  la  uaed  to  analyte  the  apaclaa, 

aaaa  flow  and  (pacific  lap^laa  of  the  beea.  The  resistance 
of  the  Ca  filled  ata^nleae  ateal  cube  varies  it  the  ceelu* 
la  uaed  up.  This  remittance  change  la  uaed  to  ,J  ^errtlna 
ui i  usage. 
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calculated  f roe:  the  reeletaaca  Chang*  la  the  fa*d  lima.  Realatanca 
a<a«urmnti  of  tik*  ceslue-f Iliad  tuba  have  ch'cVad  out  t<;  within  22 
of  the  calculated  value.  Introducing  cealu®  raducaa  the  real ' '  *"ic* 
to  approxlnatalv  half  tha  value  for  the  enrpty  faed  tuba.  Tha  aatt 
change  la  reflected  by  a  cheese  In  tha  feed  tuba  realatanca.  A*  the 
caalua  content  la  depleted,  the  length  of  tha  cea iu»-f 11  led  region 
within  tha  tuba  can  than  be  calculated  frcai  tha  realatanca  change  by 
tha  following: 

Let 

L  •  length  of  etainlece  ateel  feed  Cubit: 

l'  •  length  of  aectioo  fill**4  with  c»«iw 

o  *  reelativlty  of  atalnieea  steel 

o'  «  reilt*lvlty  o'  ceaiuai 

A  -  eroae-eect local  area  contained  within  tubing  wall 

A1  -  eroee-eactlonal  area  of  the  ceeluat  within  tha  rub* 

R  “  electrical  realatanca  alo»*g  <*ntlre  length  of  esrpty  tube 

*  reeletance  along  entire  tub*  wh*n  Length  L, ’  1#  filled 
with  ceelus 

-  resistance  along  length  of  ftilad  enaction 

-  realatanca  along  length  of  unfilled  section 

The  following  relationship#  hold: 


■-!■• 

(1) 

t’  - 1, , 

-L* 

(2) 

\  -L'  " 

1(1  -  K-) 

/  \  /  f  \  J 

r  ,x-l 

< 

V  -L' 

(!)  fr) 

?  ♦  M 

A  A  * 

(*> 

\  /  \  /  > 

t  / 

cperlaantally  we  tauun 

K  '  In  orde  r 

to  calculate  L' . 

Equation*  (2) 

end  (3)  yield: 

V  ■  *■ 

-  '-1  -  r> 

C>) 
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Co*J>lnlns  (4)  and  (5)  yl “1dm: 

• ui  -  ;->  '■*  *  «> 

or,  bo r«  sl-^jly: 

L*  -  (1  -  ~)«  (7) 

t^ssra 

a  -  L(1  ♦  |^t)  <•) 

whore  a  la  &  constant  Independent  of  ebo  aaoaat  at  eeslua  la  tha  tab*. 

X*  la  Eoaaurad  by  passing  a  1-sep* ro  currant  through  the  cubing 
end  oaaauricg  tha  volcano  arop  acroaa  it.  The  ae*y  flair  la  Chao  deter¬ 
mined  by  the  changa  la  L*: 

AL’  “  "  f  A»*  (9) 

The  needle  current  versur  tine  la  recorded  to  dataralna  tha  to  il  aaaa 
carrl«U  '«>  :ha  bees  aa  predicted  by  the  charge— to  aaaa  ratio.  The  a* 
two  determinations  are  then  compared  to  deteratne  tha  net  aaaa 
utilization. 

9. 3. 2. 2  Experimental  Kesulf 

Steady  cesium  loo  currents  of  up  to  550  alcroaaparaa  hare  bean 
obtained  by  ion  field  caiaalon  fro*  a  holloa  Ft  aaodla.  Tha  lea  apaclea 
has  been  Identified  as  alngly  charged  cealua.  Tha  TOT  traces  Indicate 
at  least  981  of  the  beaa  conalata  of  thlw  oaa  loo  apedea. 

Tha  caalua  lens  originate  froa  sale  a  Ion  poises  along  the  rls  rather 
chan  tha  tip  of  a  liquid  natal  cons  as  with  liquid  galllua.  Tha  beaa 
spread  varied  froa  IS  to  60  degrees  mm  the  carreat  aaa  Increased  froa 
225  to  550  alcroaaparaa .  At  550  alcroaaparaa  tha  extractor  estreat 
was  SO  alcroaaparaa . 

Tha  first  needle  currents  were  achieved  using  a  standard  colloid 
needle  placed  In  the  ays  tea  by  mistake .  A  p  Latina  needle  (14  all  O.D. , 

4  all  I.D. )  of  the  type  used  In  the  galllua  experl  seat  (l.e. ,  rha  out¬ 
side  of  tha  tip  tapered  doun  in  a  cone  to  tho  6-all  I.D.)  was  coed  later. 
The  difficulty  of  getting  a  stable,  v*  11 -wet ted  tip  on  which  tc  fora  an 
emitting  cone  la  greatly  reduced  with  this  type  of  needle. 

-119- 


After  th  needle  we*  replaced,  the  cesium  needle  was  operated  for 
•ore  than  SO  Aire.  Current*  were  gen*.  .y  kept  between  100  and  200 

UMp,  although  curreAtn  as  high  a»  '■00  and  as  low  as  60  ua»p  were  obtained 
The  mast  utilization  was  atea».*'»d  by  comparing  the  uti  aa  calculated  by 
dividing  tbs  total  coulombs  used  in  the  bass  by  tha  Q/M  for  a  cesium  loo, 
with  that  calculated  f roe  tha  reslstanca  change  in  tha  feed  11m  aa  tha 
cesium  in  It  la  used  up.  This  data  indicated  that  at  least  72Z  of  tha 
ease  was  turned  into  iocs.  Tha  chance  for  batter  Max  utilization  In 
future  eaasurraents  is  good  because  there  were  several  periods  of  over¬ 
feed  4  ng  during  which  microscopic  drops  of  cesiu#  could  uv  •*en  coming 
f row  tha  needle.  This  of  course  tended  to  lower  tha  mass  utilization 
factor. 

The  needle  current  was  close  to  being  Independent  of  voltage  frna 
3  to  5  k»  for  the  present  needle  geometry  vS«e  Figure  45)  and  wetting 
conditions.  For  example,  decreasing  the  voltaaa  from  4.2  to  3.3  tv 
decreased  the  current  only  15  pamp,  from  lb 5  uamp  to  150  uamp.  The 
Current  depended  on  tha  feed  pressure  more  than  tha  voltage. 


Fig-  e  45.  Needle  After  300  Honrs  of  Operation  with  Cesltxa.  Inksd 
in  Lina  Indicates  Original  Shape. 


9. 3. 2-3  Conclusion* 


Examination  of  Che  needle  after  mom  than  300  hour*  of  operation 
indicated  a  general  erosion  of  the  needle  tip  (Figure  43)  occurred. 

There  have  been  report*  of  plat  lnuar-cesiw  react  loo*  la  contact  loo 
thrusters  when  platinum  was  used  to  brass  the  tungsten  ionizer  pieces 
together-  Avellable  metallurgical  data  for  plat la—  caelum  compounds 
le  very  sketchy.  It  la  felt  that  needle  mater Is la  such  me  t angst eo  or 
stainless  steel  mould  be  better  suited  for  long-term  operation  with 
ceslua. 

These  preliminary  experiment a  with  Ca  Indicate  that  the  potential 
of  cesium  as  a  high  I  thrust  source  1*  good  althoogb  the  is  too  bigh 
for  tsany  colloid  alssions.  The  thrust  per  needle  of  <  5  nib  end  the 
low  power  lose  needed  to  produce  Iona  ae  compered  to  contact  or  Kaafaea 
type  engines  make  It  a  highly  attractive  alternative  to  these  devices 

In  the  microthruster  range.  The  I  at  3000  volts  le  6500  seconds 

•P 


io,  am-MiiAiroLua  vectoh/bli  colloid  th*usv£*.  pawn  cohditiokisc 
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10.  i  KWE*  COhOITIONtl  RZO'JIKMESTS 

A  pretiislnarv  stud*  has  been  su.de  of  th*  power  caodit  loclng  require- 
ncnts  for  s  typical  1-wl lllpound  thrust,  1500-eecond  specific  Impulse, 
two-a7il#  vectorabl*  colloid  thruster  irate*.  The  power  conditioning  unit 
(PCU)  c»w ft »  the  23-vdc  spacecraft  hue  voltags  to  tlx*  various  level* 
necessary  tor  operating  th?  Mlilipound  Vectorable  Colloid  Ihruster  (MVCT)  . 
Tt  cootsiu*,  «*  is  ainlraia*,  the  following  supplies  sod  fuactlcvo*' 

*  High  voltage  needle  supply 

•  Extractor  supplv 

•Four  vector  electrode  supplies 

•  Neutrallier  heater  ii.ipply 

*  Two  temperature  controllers 

Hie  high  v-ltage  needle  supply  ovat  pro.  id*  a  +21  regulated,  low- 
rlpple  DC  voltage  In  the  range  of  11  to  14  kv  DC.  (Output  voltage 
setting  la  to  be  adjustable  In  !*/o~volt  steps.)  Maxl«u*  output  power 
rating,  at  14  k'  DC,  la  70  watt*.  Short-circuit  protection  1*  required 
to  protect  the  power  conditioner  In  the  event  of  thruster  arcing. 

An  extractor  supply  la  required  at  a  regulated  voltage  level 
equivalent  to  -10  percent  of  the  needle  supply  voltage.  Wattage  required 
la  essentially  negligible.  Aa  with  the  needle  supply,  short  circuit 
protection  la  required  during  period*  of  thruiter  arcing. 

Each  of  the  four  vector  electrode  supplies  provide*  a  variable 
regulated  output  voltage  ranging  fro*  0  to  6  tv  DC.  Each  pair  of  supplies 
Is  connected  to  provide  s  reversible  polarity  output  to  ooe  pair  of  vector 
electrodes  with  the  Individual  outputs  reference*,  to  the  needle  potential. 
An  external  lew- level  analog  cn—aod  signal  establishes  the  resultant 
output  for  each  pair,  thereby  coc.trollin*  Seen  deflection.  The  output 
veers**  t>*  t,'e  vector  supplies  is  verv  wall,  bit  short  -cl  rent  *  pro¬ 
tection  Bust  be  provided  In  the  event  o*  thruster  arcing. 
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Output  needle  supplv  current  i*  aenasJ  to  provide  ttt  indicator  at 
maa#  flow,  This  signal  la  furnish*  i  to  tha  feed  traces  tt^erttutt 
controller,  contained  within  the  PCU,  which  act#  to  crotr;l  feed  rys taw 
pifnutf .  Vo  estimated  2  watt#  i#  controlled  in  thi#  function. 

This  second  temperature  controller  contained  within  the  PCD  provide* 
high  accuracy  control  of  the  needle  module  te-coers*  »i  «.  A  predelerrl  wed 
set  pole  la  established  and  compared  with  tha  signal  derived  fro*  a 
thermistor  loc«ted  «t  the  thruster.  Appro# tmately  1  wett  of  thrvster 
better  power  is  required. 

10.2  CENTRAL  DESIGN  CONSIDERATIONS  TOR  POWER  COSDITICST1  SELECTIOH 

The  selection  of  a  particular  overall  approach  for  tha  PCD  yielding 
air, Issue  weight,  aauclmun  efficiency  and  high  reliability  re«t#  primarily 
on  the  particular  circuit  approach  utlllred  for  providing  tha  high  v-,.,t age 
needle  oover,  aince  this  output  comprises  the  bulk  of  th*  total  delivered 
power.  Two  special  characterlatlca  of  thi#  load  are  the  requirement  for 
a  vert  high  etep-up  ratio  of  the  primary  aource  voltage  to  the  required 
needle  voltage  level,  and  the  occasional  presence  of  intern.' t tent  output 
arcing. 

The  atep-up,  accomplished  througr  nventlcroal  techniques  Involving 
a  primary  power  switching  tronaiator  md  a  high  ratio  trarufoner, 
present#  the  problem  of  high  reflected  capacity  on  the  primary  aide. 

This  capacitance  primarily  derive#  fro*  »  cr^ple*  ci.mrf>1.;i  it  lo-a  of  trans¬ 
former  atray  capacitance#,  auen  aa  secondary  laver-to-layer  capacity 
and  wind lag-to-wlnd log  capacity,  the  total  of  which  is  multiplied  t>v 
the  square  of  the  otep-up  ratio  when  reflected  to  the  primary  circuit. 

The  high  transformer  turna  ratio  also  result#  in  a  wilt  yieldirg  rela¬ 
tively  high  leakage  inductance  due  to  tha  need  for  irMad  insulatioa  to 
»t*nd-off  the  high  voltage  between  prinary  sad  secondary.  These  factors 
combine  to  adversely  affect  power  switch  operation.  During  tum~ot», 
for  example,  foilcaring  either  an  output  abort  or  normal  equipment  start, 
a  high  charging  current  flows  through  the  transistor  info  the  discharged 
reflected  capacity.  Since  the  power  translator  initially  sustains  the 
full  Input  voltage  In  this  condition,  a  severe  transient  stress  occurs 
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which  Hr  fall  hvrorvd  the  "safe  area"  capabilities  of  the  de-ice. 
tbirlng  turn-off,  the  tfftct  of  high  laakaga  Induce  nc<  mb  If  vac  a 
ltaalf  tn  the  feneration  of  high,  and  possibly  nc«ail««,  transient 
voliase  levels  tcroaa  the  pomer  translator. 

Output  arcing  represent a  ae  overload  coodlt ioe  rsoging  anywhere  from 
taro  Impedance  jp  to  t ho  rated  load  value  during  which  protect lou  of 
critical  eemcocductor  components  aunt  ha  assured.  Thia  arcing  la  high  is 
CXI  content  mod  aev  coup  la  through  output  transformer  windings  to  the 
prtnanr  power  circuitry  through  cosmos  node  iapedencae  result log  la 
imrt  atraaaaa  Saint  placed  on  tha  power  switches.  The  charging  of  out-* 
put  filter  capacl'aaca  to  tha  high  output  to 1 tag a  required,  subsequent 
to  tha  caaaation  of  an  arc  (or  during  esulpmant  tarn  on),  aar,  depending 
on  circuit  chotca,  alao  unduly  affact  powar  switch  atraaa. 

Other  factors  influencing  the  na lection  of  a  haalc  high  output 
voltage  circuit  configure  don  are:  tha  ralatlan  aaaa  La  Implementing 
redundancy  should  rellabllty  considerations  ao  dictate,  and  the  Influence 
of  the  primer*  current  switching  waveform  (gg  affected  by  haalc  circuit 
choic'  )  on  system  Input  filter  else  and  weight. 

For  any  FOJ  are ten  asp roach  selected  for  thia  application,  a 
relatively  large  amber  of  pnrta  will  he  required  to  tap  lament  all  the 
various  functions  and  rag ul tenant a .  Thia ,  along  with  the  need  for  IsoLe- 
tion  of  tha  vary  high  voltagea  developed  try  the  PCU  ( through  Insult t Ion 
spacing  requirements ,  ate.),  will  result  la  a  d  lap  report  Iona  t  a  ay  r.  ten 
weight  for  the  Mount  of  output  powar  processed  whan  c  eagre  red  to  other 
evatama  supplying  1  eda  at  conventional  voltage  levels. 

10.1  HICK  VOX. TACT  SUPPLIES 

10.3.1  Description  of  Candidate  Converter  Circuits 

There  are  three  candidate  regulated  DC-OC  convertor  approaches 
ca:  *  of  providing  the  high  vcltagu  requirements  (needle,  extractor, 

and  vector  electrode  supplies)  of  the  FCU: 

•  Square  wave  in vara Ion  type  (SW1) 

•  Fulae  width  ltrvarsloa  type  (FW1) 

•  (IIS)  or  energy- ladling  type 
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ilock  d  lag  runs  are  shewn  la  figures  *» ,  17,  ind  49. 

The  SMI  i ype  consists  basically  of  m  lnp<»c  filter.  •  ft xeW!  fr equeacy 
switching  modulator  (buck  trp«  1 ls«  regulator},  and  m  unregulated  DC-OC 
converter  stage  ( f  lx*(J  frequency  square  wave  invert er-transforMer-rectifler 
output  filter).  Output  voltage  te  eeeeed  sod  cooparwl  vlth  t  voltage 
reference  in  «a  operational  snpilfle?  which,  la  Cura,  controls  t be  switch- 
tap,  Modulator  stage  via  a  duty-cycle  generator  A  freetveary  standard 
provides  the  tlalag  function  for  the  inverter  and  modulator  # cages.  Over¬ 
load  protection  for  th*  converter  la  obtained  .  rough  a  aeparate  control 
loop  by  controlling  the  duty-cycle  generator  f ran  a  signal  sensing 
corvertar  output  current . 

Thai  PV1  type  consists  of  aa  Inpet  filter,  a  switching  power  Modulator 
of  the  pulse-width  inversion  type,  a  transformer,  rectifier  sod  output 
filter,  it  la  chsractsrlaed  by  high  efficiency  and  low  weight  due  to  the 
ccwvb lent  loo  of  regulation  end  inveraloe  function*  within  one  power  switch¬ 
ing  stag®.  Sensing  and  control  of  ootpet  voltage  acid  overload  protection 
are  iwp lemeoted  in  a  stellar  manner  to  that  daacrlbed  for  the  SV1  typo 
cow-^rtar . 

"h»  IES,  an  energy  ladling  type  DC-OC  converter ,  constate  of  aa  input 
filter  followed  by  a  fore  of  switch  la*  power  nodulat  loe  wherein  aa  iadoc- 
tlve  aieaent  atoree  and  delivers  energy  cyclically  to  am  output  filter 
and  the  load.  Thu  transformation  function  ) m  also  achieved  In  the  Induc¬ 
tive  aleaent.  This  eyatea  la  characterised  by  high  efficiency  end  light¬ 
weight  with  an  added  advantage  that,  during  output  faults,  the  power 
switching  a laaeot  within  .ha  aodulator  la  mot  subjected  suddenly  to  ;  »a 
fault  load. 

A  variety  of  operating  nodes  mod  out  put  voltage  » seeing,  control, 
and  power  switch  drive  conf igurntiooa  are  available.  their  choice  depend¬ 
ing  on  the  particular  tyoe  of  application  Involved.  A  separate  control 
loop  providing  overload  protection  is  not  required  in  this  type  of  con— 
werter  since  it  is  inherently  achieved.  A  sore  detailed  description  f 
the  basic  operation  of  the  IZ3  converter  la  given  in  Appendix  A. 


Fl(ur«  47.  OC-OC  Coovertar  (FV1 ) 


Figure  i8.  PC -DC  Converter  (ICS) 

10-5-2  Circuit  Tradeoffs  (or  *eedla  Supply 

The  general  design  considers! lone  noted  In  Section  2  indicate  eon* 
of  the  i  t  ent  factora  to  be  considered  la  the  following  paragraph**  la 
coape  ring  t.  *  let  ire  nertci  of  Che  three  bee i c  coartreet  approaches  for 
satisfying  the  high  voltage  needle  c  put  requireeanta  of  the  r.TCT  power 
conditioner. 

10.3.2.1  Step-up  Katlo 

In  either  the  SUt  or  •VI  converter  approaches,  the  high  rolt^e 
transformer-rectif  ier-output  filter  configuration  la  an  Important  cou- 
aldaratloa.  The  utilliatioo  of  a  eultipla  oaf iguratioe,  wherein 
several  Individual  traaafonaere  and  recti  flare  are  cascaded  to  develop 
the  high  output  voltage,  offer*  the  advantage  of  a  algal f Hast  redact  lew 
la  reflected  itray  capacitance  when  coaparad  to  the  alngle  output  circuit 
configuration.  The  li  kv  needle  output  can  he  provided  by  using  five 
transformers  vf.tn  primary  vlodinga  ‘icnected  la  parallel  and  individual 
secondaries  connected  Co  a*t>«  rate- eerie  a -connected,  output  rectifier— 
filter  ccefclnatiooa .  Figure  49.  shows  e  •  lap  Ilf  lad  acheaetlc  of  a  FVX 
unit . 

The  deterainatloo  of  the  mount  of  reflected  capacitance  reduction, 
though  appreciable,  i a  difficult  to  aaaeee  la  the  general  came  owing  to 
the  specialised  nature  of  construction  technique*  aval  lab  La  for  eee  la 
the  dealga  of  alnlaje-ueight ,  high-voltage  transformers.  Slgalficeat 
reductions  In  atgnatlc  winding  Insulation  voltage  stress  (sad,  to  a  laaaer 
extt  ,  leakage  inductance)  in  the  Individual  trsnjf oraars  of  the  awltlpla 


•chaw,  due  Co  the  decreased  turns  ret  lee  achieved,  aay  ooc  be  fully 
realised  alnca  the  lntcrwlndlng  insulation  must  stand-off  the  full 
output  resulting  la  added  weight  err* r  che  single  output  circuit 

configuration.  Despite  chle  limitation  and  Chat  of  a  hiihar  part  count, 
the  um  of  a  multiple  configuration  la  either  TV  l  or  SV1  converter 
approaches  la  desirable  to  obtain  a  large  reduction  la  primary  circuit 
reflected  capacity. 


figure  **>■  TVZ  Converter  with  Hultlp’e  Transformer— 
lectif inr-Fllter  Configuration 

The  IKS  or  "energy- ladling"  converter  util 1 lea  an  induct Iva  element , 
a  aloglo  translator  power  ewitch  and  an  output  diode  and  capacitor  to 
eimultcoeoualy  achieve  conversion,  regulation  and  tranafomatlon  functions. 
(See  Figure  A-la,  Appendix  A.)  The  output  voltage  1»  a  function  of  both 
the  Inductor  p r leery-' to— aaeoodary  turna  ratio  and  the  travelator  on-tlne 
to  uff-tlam  ratio.  Because  of  che  added  flexibility  ofl-.ud  through  the 
•election  of  a  suitable  oo/off  ratio,  a  high  output  voltage  can  he  obtained 
with  a  eoch- reduced  magnetic  device  turna  ratio,  thereby  eliminating  any 
need  for  a  multlpla  output  circuit  configuration. 

A  sharp  reduction  in  turna  ratio,  obtained  In  this  manner,  does  mot 
ameeamsrlly  lead  to  a  corresponding  reduction  In  the  effect  of  primary 
reflected  stray  capcity.  In  a  converter  designed  to  operaca  with  a 
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rectangular,  or  actually,  trepwioldal  ptlnery  currant  wwian,  a  laadlsg- 
«l*e  current  spike  occur*  during  the  transition  fron  the  switch  "off**  to 
“on"  state.  TMs  arises  tram  a  can© i nation  of  the  affects  of  reflected 
capacity  (a*  It  la  brought  to  a  full  rare reed  charge)  and  output  diode 
recoaery.  By  deelgs lag  an  I IS  converter  to  operate  with  a  triangular 
primary  current,  these  affects  are  tenant lally  ellnloaced.  La  chla  um, 
at  the  onset  of  the  ture-oo  period,  the  output  diode  current  has  decayed 
to  sero  tbua  allowing  full  recovery  and  the  reflected  capacitance  la 
eaaentlally  dlacharged  to  taro  and  does  not  have  to  experlanca  Che  other- 
rice  full  voltage  etxcuraloc  at  the  transition.  Thnely,  the  effect  of  at  ray 
capacitance  la  farther  reduced  over  that  achieved  through  the  reduction 
In  turns  ratio. 

10.3.2.2  Efficiency 

Certain  baalc  probleue  exist  la  the  basic  IBS  converter  for  which 
corrective  ease urea  are  required  to  achlave  the  high  efficiency  deni rah la 
In  electric  propulaioa  ippllcet lone .  These  relate  to  tbs  energy  storage 
Inductor  power  ice*  (a  function  o-f  leakage  lnJuctaare  and  inatant  wvwoue 
P***n*7  current),  power  transistor  witching  loes,  end  output  rectifier 
recovery.  Special  circuit  nodlflcatlna  have  been  developed  which 
overcone  these  basic  problene,  vc/thllng  the  attainable  of  high  efficiency 
In  tola  converter  approach .  These,  briefly,  consist  of  added  passive 
networks  which  (1)  recover  Inductive  serif chiag  energy  to  nlnlnixe  energy 
storage  Inductor  power  loes,  and  (2)  phase  translator  current  and  voltage 
during  switching  to  obtain  essentially  rare  ranalstor  switching  loes. 
Omtpmt  rectifier  recovery  loss,  not  peculiar  to  the  IKS  approach,  am  bn 
affectively  elirinatci  by  proper  circuit  oonf igwration  tech  that  diode 
forward  current  goes  to  tern  before  voltage  reversal  to  tbs  blocking  state 
Is  Initiated.  This  technique  requires  the  awe  of  the  triangular  prinary 
(and  secondary)  current  previously  indicated.  Of  itself,  tbs  diode 
recovery  Ions  nay  be  tolerable  but  because  of  tbs  effect  of  the  recovery 
current  transient  reflected  into  the  prlanr"  winding  (which  induces  both 
largn  current  daauads  on  the  power  translator  daring  off-to-on  traditions 
** *  fla|la|)t  ii  ts  advisable  to  utilise  the  triangular  current  technique 
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|  vtMrt  mxInul-  iffld»9C7  Is  to  be  obtained.  Ths  higher  peak  stress  lrr«l 

1  that  wat  b«  tolcratad  in  the  povar  translator,  alc*.g  with  an  Increased 

(  Input  filter  vnlghc  (over  time  required  when  rectangular  or  trspesoldal 

( 

!  currents  art  drawn  fro*  the  power  source)  nust,  in  the  final  analysts, 

be  balanced  aaalnat  the  einlnlisclon  of  recovery  orobleas  (and  reflected 
capacity)  through  Cha  uae  of  triangular  waveforms. 

The  fWI  and  IIS  coowrterj  are  inherently  Horn  efficient  than  the  SVI 

*  type  becauee  the  pr lnary  source  power  suet ,  In  the  latter,  pass  through 

two,  rather  than  one ,  saturated  seelcooductore.  (Figure  SO,  eh owe  a 
simplified  echcaatlc  of  the  SVI  converter  with  a  suit  Ip  la  output  circuit 
configuration).  For  the  needle  supply  application,  efficiencies  of 

,  approximately  93  percent  nay  be  obtained  In  the  former  types  with  the 

eld  of  specialised  design  techniques  end  nodi  fleet  Ions.  The  efficiency 
of  both  ths  FWI  and  SVI  con-  ^rters  la  penalised  fro*  the  effects  of 
transformer  half-cycle  to  half-cycle  volt -second  unbalance  and  inverter 
translator  storsgs  ti»e.  These  two  fsetors  result  In  locressed  lrvetter 

*  switching  losses.  Ia  the  FVI  converter,  the  dwell  period  sets  to  precluds 

ths  occurrence  of  ths  latter  effect  (except  under  low  Input  line  voltage 
conditions).  The  net  difference  la  efficiency  In  these  two  converter 
systems  (FVI  end  SVI)  esn  range  from  5  to  8  percent. 


Figure  5>  ■■  SVI  Converter 
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Km  with  the  I£S  converter,  r ecovery  loeeee  la  tha  output  tactifiar 
diode*  of  PVI  or  SVI  converter*.  especially  high  voltage  ty»e*,  rep  rename 
a  significant  lose  factor  largely  du#  to  the  affect  of  diode  recovery 
tlaa  oo  the  switching  characteristic#,  haaca  loaaaa,  of  tba  Inverter 
translators.  Thla  effect  la  nor*  pronounced  la  tba  SVt  type  than  la 
tha  PVI  type. 

10.3.2.3  Over '.os'4  Protection 

A  particular  advantage  of  tha  ItS  and  PVI  converter  approaches  la 
thruecer  applications  la  tha  fact  that  faat  build-up  of  output  currant, 
and  consequent  aurga  at  rasa  In  pr  lnary  switching  elananta.  la  prevented . 

In  tha  former ,  tha  prlnary  and  aacondary  winding*  of  tba  energy  storage 
Inductor  are  oever  directly  coupled  with  tha  raault  that  tha  pceeer 
tranalator  In  eerlca  with  tha  prlnary  doaa  not  experience  any  aaddan 
Increase  la  currant  during  eavera  converter  overload  or  abort  circuit 
conditions.  In  the  PVI  coovarter  tha  output  filter  Inductor  limit*  tha 
faat  buildup  of  output  current,  for  thaaa  converter*  relatively  staple 
and  slow- act  lag  overload  protective  nsaauraa  can  he  at  Hired,  fry  con- 
treat,  tha  SV1  converter  approach  requires  a  separate,  faat -response, 
control  loop  for  overload  prelection  of  the  Inverter  tranalator*.  Thla 
encalla  extra  parte  for  an  output  currant  aaaaor  and  an  opa rational 
(feedback)  anpliflar. 

10.3.2.4  Weight 

Total  part  count  la  a  prlnary  factor  la  caaparlag  weight  of  tha 
various  con venter  approach**.  In  this  regard,  tha  IKS  coaver  >r  ha*  ass 
Inherent  advantage  arising  from  tha  f*  -t  that  It*  aoseer  a tag*  1*  single— 
ended  rather  than  push-pul 1  and  that  *  awltlpl*  our yet  circuit  configura¬ 
tion  and  a  Mparata,  faat-r**pcaaa,  overload  coattrol  loop  era  ant  regeirnd. 

Another  factor  la  the  total  cook  load  weight  of  repaired  converter 
•agnatic  cnapooenta.  both  SU1  and  PVI  converter*  require  tha  eae  of  an 
t vet aging  or  L-C  type  filter;  In  tha  former.  It  la  conmactad  after  tha 
pro-regulator  power  switching  tranalator,  while  la  tie  latter.  It  la 
connected  following  the  output  rectifier.  Is  the  IXS  converter,  the 
energy  storage  Inductor  caablne*  both  crane  format  ion  aad  filtering 


function*.  Generali*,  therefore,  the  en eryv  atori^e  inductor  of  sfl  IE5 
cocv* rter  will  weigh  tore  than  the  utput  trutfonwr  aloe*  la  the  other 
converter  type*.  However,  la  applications  where  high  voltage  t»  involved, 
lneulatloa  become  «  critical  factor  In  establishing  component  weight. 

Tor  the  needle  output  requirement,  prc'.lalnarv  calculat loos  have  radicated 
that  the  weights  of  an  energy  storage  Inductor  for  an  IES  converter  and  a 
aulrfple  (five  transformer)  combination  aa  use!  In  either  a  Fwi  or  an  SVl 
convsrter  would  be  approximately  the  same  (1.15  lb).  Further,  in  the  case 
of  the  PVT  converter,  the  output  filter  choke  contrlbutee  slgnlf lcantly  to 
total  part  weight  s'ncc  It  required  to  stand-off  rhe  full  output  voltage. 
Even  ;n  a  eulciple  output  circuit  configuration  (figure  *9),  each  filter 
choke,  noelnallv  designed  for  a  winding  voltage  stress  equal  to  the  output, 
voltage  divided  bv  the  mmber  of  gerlesed  units,  auat  stand-off  the  full 
output  voltage  to  ground. 

Offsetting  soeMwhat  this  advantage  In  favor  of  the  ItS  roovertar 
approach  Is  the  additional  weight  that  would  be  required  lo  the  converter 
Input  filter  when  operating  on  a  triangular  current  baals.  Output  flltar 
capacitance  weight  Is  also  Increased  over  that  required  for  an  SVI 
converter.  On  balance,  for  rhle  application,  the  IES  converter  should 
vleld  the  lease  total  part  weight. 

10.3.2.5  tel lability 

The  reliability  of  a  correctly  designed  Its- type  converter  la 
basically  superior  to  that  of  other  converter  types,  not  only  because  of 
the  relatively  aeall  part  count  Inherently  required,  bur  alao  because  of 
the  s«D«r  la  which  accesses  la  all  the  critical  semiconductor  elements 
are  controlled  under  all  conditions  of  converter  operation.  Operational 
redundancy.  If  required.  Is  easily  laplamented  by  connect. lag  several 
“eoergy-lsdllrg*  circuits  into  a  common  output  capacitor. 

10.  3.  3  la  coemended  Converter  Approach 

from  the  preceding  tradeoff  discussion,  it  la  seen  chat  the  ItS 
converter  approach  has  the  greatest  potential  for  providing  the  combined 
characteristics  of  high  efficiency,  high  reliability  and  lov  weight  for 
the  high  voltage  supplies  of  e  esccorable  colloid  thruster  PCTJ. 
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The  figure*  p rwioualy  cited  for  efficiency  of  tbs  rtrloes  converter 
approaches  repreeeot  those  attainable  with  optima  circuit  design  tech¬ 
nique*  and  the  beat  space-qualified  part*  and  materials  ava 1  Labia .  Little 
la  gained  In  trading  off  additional  converter  weight  for  lac reaped  effic¬ 
iency-  1°  the  present  output  voltage  and  pmtr  range,  the  components 
which  are  no really  traded  off  (each  a*  magnetic  devices)  represent  a 
relatively  snail  percentage  of  total  converter  loeeee. 

Converter  weight,  aoreelly  only  a  fimetio*  of  pert  count  and  beet 
transfer  requirements ,  la,  in  large  eeaeure,  greatly  dependant  oe  high 
voltage  Insulation  requirements  and,  in  a  eon- redwodent  configuration, 
would  probably  not  vatv  nore  than  20  percent  for  any  of  the  converter 
type#  considered. 

Using  part  failure  rate  data  developed  from  recent  TIU  satellite 
operating  experience,  the  part  count  necessary  to  supply  the  colloid 
thruster  high- voltage  requirements  ,n  any  of  the  converter  approaches 
discussed  la  such  that  a  reliebil-ty  goal  of  >  0.96  for  10,000  hours 
can  be  achieved  In  a  non- redundant  configuration,  A  re liability- weight 
tradeoff,  therefore,  la  not  applicable. 

10. J. *  Vector  flrctroda  sod  Extractor  Supplies 

The  IIS  converts'  ->pro*ch  le  idesily  suited  for  supplying  vector 
electrode  and  extractor  output  require neats,  functionally ,  the  require¬ 
ments  are  for  high  roltage  bias  supplies,  normally  providing  a  aegliglbla 
output  current  yet  requiring  overload  protection. 

To*  extractor  supply  can  be  simply  derived  from  the  needle  supply 
1X5  converter  by  the  addition  of  ae  extra  wind lag  on  the  energy  storage 
Inductor  and  an  output  rectifier  and  capacitor.  Obtained  la  this 
fashion,  the  extractor  output  voltage  can  be  designed  as  a  fixed  per-¬ 
cent  ag  a  of  the  needle  supply  voltage  with  Che  requisite  ripple, 
regulation  end  overload  protection  faataree. 

In  the  case  of  the  vector  electrode  supplies,  four  variable  output 
voltage  111  converters,  controlled  In  a  unique  amaar,  can  be  op-rated 
Independently  to  provide.  In  pairs,  Che  required  reversible  polarity 
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deflection  eootrol*.  Each  converter  would  produce  a  regulated  output 
voltage  up  to  -ssucinua  of  '  out  1  watt,  la  r**rpon*a  to  an  sttcrvl 
analog  conund  eigoal.  Above  this  level,  the  average  output  prwt r 
decreases  since  the  converter  Wcowii ,  effectively.  &  ccn$tmt  current 
source;  averl csda  or  abort  clrcuita  do  not  reflect  an  increasing  power 
aource  drain.  In  normal  operation,  the  level  of  quiescent,  nr  no-- Load 
current  drawn  can  he  ntics-alned  very  low  with  the  u»e  of  a  recently 
developed  powe-  tn  h  control  technique  featuring  automatic  adju*t**ct 
of  the  converter  on/off  ratio- 

Tii*  vector  electrode  output*  are  referenced  to  a  fired  3-kv  level 
below  the  needle  potential,  for  any  required  4* fleet  Ion,  the  output  of 
each  pair  of  convene:* ,  indlviduaiiy  variable  over  a  zero  to  b  fcv  range, 
la  connr-fed  «o  ae  to  provide  asuf  potential  within  a  band  of  >3  kv  aoout 
the  needle  potential.  Kot  **ro  deg  revs  deflection,  indlvlthtal  v-ynrerter 
output  1*  3  kv,  resulting  In  lero  voltage  potential  between  the  two 
deflection  plate*  and  between  the  defl  tlon  plate*  and  the  needle. 

10.  A  LOW  VOLTAGE  SLTPUES 

Thm*  low-voltage  auppile*  are  required  for  the  olloid  thruster 
power  conditioning  unit.  Toesc  are  the  neutraliser,  tba  feed  syatan 
temperature  controller  and  .  needla  nod  . a  temperature  coot r-umt. 

Total  power  output  for  all  three  eupp  lira  to  Isaac  than  lO 

percent  of  total  PCD  powr. 

SJeutralxaer  heater  power  ia  efficiently  aad  eljeply  control. leu 
utilising  an  AC  output,  aeriea  aaturalie  reactor  circuit.  With  this 
type  of  -sterol,  a  constant  average  output  curt r.t  la  Maintained  with 
a  constant  law-level  input  currant  control  signal.  Also,  this  circuit 
provides  a  deelrable  soft-start  capability;  1  w. ,  during  neutralise 
tarn-on,  output  currant  ia  allcwad  build  up  slowly  to  tbe  doalr®-:! 
level.  Circuit  efficlaucy  in  a  function  of  tha  operating  frequency 
and  weight  goal*.  Tyylcal  value*  fall  between  91  arc  95  percent  for 
tNn  low  output  power  level  required  (J  w). 


:11*h- accuracy  tawtperatur*  control  circuit*.  either  pruport ional  n~ 
on— of  f  t ype« ,  can  be  easily  imp  lament  rd  utilizing,  for  the  most  part, 
integrated  clrcultB,  and  they  hm*  slight  impact  ns  FIX'  ayetee  efficiency 
and  wv  f.  ftht . 

tax  the  feed  eystes  taaperatace  controller,  the  limpet  signal  la 
derived  fro*  eenaiag  seed  la  supply  output  current.  The  DC  currutt 
momiror  circuit  can  he  beat  implemented  aa  a  DC  output  eerie*  saturable 
reactor  circuit.  tC  jxswer  for  both  tba  current  monitor  and  the  neutral¬ 
izer  heater  caatroi  can  be  simply  ohtal.  ’  frou  a  avail  (5  w)  Inserter 
circuit  producing  a  square  wave  output.  Total  estimated  weight  for  the 
1cm  voltage  supplies  1*  approximately  0.  i  pound  oeiTg  a  1  kJ3L*  Inverter. 
Kstimacmd  power  loea  la  leas  than  3  watte. 

io.5  Mxxwramj  !Wkx  am>mom  srsrca 

fraa  the  tradeoff  dieccaeian  of  the  preceding  paragraph*,  a  Vselc 
?CU  eyut&m  that  refLscte  tha  heat  comp  remise  in  obtaining  deelrmd 
efficiency,  weight  and  rvllaotltcy  rharacterlstlca,  can  be  recoma  imdrd . 

Am  stated  previously,  Che  implement*!,  loo  of  the  needle  output  supply, 
which  ssrervidea  the  bulk  of  the  req-ired  power,  at  very  high  voltage.  *# 
the  key  consideration.  For  this,  the  IE*  cmreirter,  prtmc^lly  om  rb* 
groand*  of  reliability  atsd  eft lctemcy.  ahpr-.ld  beet  provide  the  jyeclflad 
rw*:  u  1  remant  a . 

.  ..a  recommended  TCJ  system  la  shemu  It*  b  ock  diagram  fora  In 
Figure  51.  Included  are  tb#  IES  converters  for  providing  all  the 
high  voltage  outputs,  the  oeutralixcr  beater  cxwtrol .  the  temperature 
controllers  and  aa  Input  line  f.JUea. 

The  filter  enables  the  PCC  to  an«c  system  EKL  rmqulrmmate  by 
prevent  lag  Lerj"  cuirent  ezcHra  ions  fro*  being  reflectwd  to  the  inp’oc 
terminals.  It  alvo  attenuates  audio  frequency  dlaturhaaoee  present 
aa  the  input  line.  TaJ.uwntry  outputs  arc  not  ahem*. 
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fraa  pro  l  calewlat  loo* ,  ?*%*  «m)  «1h  e f  the  **OJ  tae 

'»«  jm:« If  *  rowa da  *tm(  2  V)  cufelc  t ir - •*  (4”  *  a  &’*'),  ■ 

Total  ayataa  *}  3  5«««d  ©a  |»t* 1 l*i a* nr  calcnlatic^©, 

la  M  porc«K .  RallaMlltr  tor  a  10, COO  Nmr  lit*,  w t »<5  lat*&« 

•IMCt-M  failure  rat*  iac« ,  la  calraUtad  r»  k«  f.WO. 


<«M>  CPe^l  KKft«  <c 


Mjur*  51.  K«aic  KT  Syatw  Slock  Diajra 
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ii.  ac  Aid  reuse  omm»  or  a  cauera  act met 


11.1  iwTioovcno* 

TMa  raaaareb  undertakes  to  extend  present  knovladge  about  tb« 
operation  of  *  colloid  court**  <n  tC  and  paired  voltages.  SCvu’Icj*  at 
XtKn  (*ef,  ll-l)  had  already  been  perforat'd  with  «L*akolAt.\  vrlrege  for 
a  rant*  of  ftaguoaclaa.  Stadia*  at  1U  had  afcaata  ewccoonful  eelaod 
operation.  The  ueio  directions  of  effort  aerai  U)  Co  dtrcLuf  t.  mtiod 
to  aaaaur*  faithfully  tha  laetaatameve  aoedi#  currant,  (2>  to  iavaet j- 
gate  tha  Jet  format  loo  md  lapse  tins  by  atudplag  tha  aaadla  nmat 
response  to  a  puleecJ  voltage  en  tha  tractor,  (3)  to  devel op  a  low 
capacity  spark  gap  that  would  allow  tin*-*.1  flight  (TOT)  coaly* la  on 
both  pceltlve  and  aegative  cycle*,  (A)  to  par form  tha  experiuanta  In  a 
•yrtara  that  mold  alios  ^Cinwou*  ob*er*«tioa  ondar  a  microscope,  (3) 
to  uo«  ph**a—*yr»»:h reel* *d  atroboacoplc  UloNlnat tus  to  ohaarret  Jet 
formation  and  coMtpM  dvrlog  tha  applied  voltage  cycla,  (A)  to  r*cog- 
nis*  p  rob  lam*  associated  with  largo  capacitive  c-urreo  a  and  haadla  Chess 
by  rcaouanca  tachnlguao,  ead  (7)  to  estsad  tha  froquenscy  beyood  V3  kSas- 
Tha  chronological  progroati  of  tha  raaaarch  la  pre*aetsd  la  this  wact lor. , 

11.2  RESSAICX  P10C3LAN 

During  tha  first  nonth  of  eh#  AC  and  pained  ce  •  1  a  14  raaaarch  sffort,, 
•  saw  AC  diagnostic  taat  jtatlan  vaa  coeplatmd  and  yut  In  opwret io* ,  A 
balanced  dlffarantlal  accentuation  circuit  for  ditact  oacilloacoy* 
recording  of  loataatanaowa  tree  aaadla  current:  von  built  and  canted. 

Too  experimental  roaa  verw  than  node,  tha  liter  tmeCad  tha  «a*  of 
tha  dlffarantlal  attenuator  with  AC  eodulatlou  elgnela;  tha  aaceaid 
taatad  Ci*a  os#  nf  a  triggered  spark  gap  aw  a  f.ise-ef~f  light  t-aitci. 

Sion  vave  algnals  from  UO  Ha  To  1  ktta  frapuanry  am)  my  to  2AOO  * 
(paak-to-paak)  raplltwU  wn  applied  to  tha  axersetor  at  &  siagla-maadls 
colloid  module.  Tha  aaadla  voltage  teas  +7  h ;  tha  extractor  hi  am  van 
-*0Q  ▼,  and  the  am  rag*  aaadla  curraoc  vaa  7~f  pa.  As  expected,  *trc«g 
nocv-1  laaari t i*»  la  aoadla  correat  response  uere  noted.  Tha  soar 
int»r**ting  rcaul t •  vara  obtained  for  met:  mm  amplitude  signal*  of  1A0 
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a»4  52C  lx.  &*  th*  Iwf  tr&4<vwcj ,  «e*41e  cv-tr*#*  isaKpoarwi  t#  uty 
rowT,!<sc «ly  for  about  3  ellllsocobda  awd  r«tcrtt«4  U  a  atrlaf  *f  £«nf 

Tver  t ha  next  2  atllXsecoeda .  AC  the  higher  frcf#*»«y„  consist* 
latarruptloa  Imc *4  fat  a  little  ever  1  ail  1 1  teem* »  uM  the  larvae#  «m 
uwch  MBoecfetr.  It  opv+crad  chat  m  actuating  slg&ela,  t oct aa^tsiar 
palaec  of  vary tag  duration  weuld  V*  sen  ns  seal Jag  the*  x&*«  ntm. 

lot  the  aecuad  r»e»„  r*»:r»aguisr  pulse  lr*l&»  a#  ver/iaf  j«ri4lM  mi 
tvp&iitlon  ret*  sens  applied  to  the  exttector,  Tlae  pulse  C  raise  nere 
<a» lift*!  to  *9prc?*i»*t*ly  1300  v  peek  aaplit-jd*  tteing  e  mcmmsv&e  emti 
treaaforwar  circuit.  Ia  order  to  t oo^eueete  for  the  tilt  t« 
ps.A*»  wrefor*  at  the  output  ef  the  ttmmtovtmt ,  m  1*$  ssstworh  »•» 

>«.**:  rye”  at*!  la  the  sasplifier  iayut ,  This  elic*****  the  pal*#  to 

he  reetalaad  «e  mxxir'ja  aaplltvxfe  for  ubnus  3t  adlllxecgpde  Wef evs  #ea«t 
of  ttamfotmmv  aaturstjc*.  fljirt*  32  ahowe  curres&C  as  siMxttl  *£■  the 
TOF  collector  (approx l®st«ly  2  us).  The  vertical  scale  Is  1  p«/4l*i*la* 
the  horisraatal  avals  it  1  ailli»e«os»<l/ili»i*io*i ,  TV  thr*«  trecae  la  the 
appe r  frusee  sfeoa  t bohm  after  off-tiae  pulsas  of  0.1,  0.13,  «*d  0.2 
siillaacjads ,  raepectWel? ,  «o4  it  tbs  lower  frees*  aft*r  puieee  of  O.A 
aod  0.7  ailliaecoode. 


Sisure  5.2. 


Collector  Cwrreat  Via*# fare*  FoUosring  Qff-Tiwe  False* 
oi  <a)  0,1,  0.15,  0.2,  oo4  (h>  0.*,  0.7  ■srtllisectateA#. 
Heriaowtsl  scale  l*  i  latlHaecoed/dl-laioai. 


TW«  n«uti  in  layortwC  for  two  wj or  won—.  Mm ,  they 
show  chat  the  cttfttwt  cm  bo  easy  lately  stopped  by  • mly  e  fractional 
redaction  of  tbo  ToIt«(i.  TM*  will  sole  the  power condl tloalag  for 
pulsed  opincln  slnpior  and  wort  officiant.  irjtoo41y,  they  giww 
cl«or  laolght  Into  tho  nchatiao  of  formation  end  col) ays  of  tbo  jot*. 
It  ippMr*  that  minor  rollwyoa  occurs  la  0.1  aa,  or  row  two  callayoo  la 
0.5  oe  and  alaont  coop loto  collapse  la  1  ao.  Cony  1st  a  nsforsdag  of  the 
Jot  taboo  above  3  ao,  dependant  on  tho  dagr—  of  coll  ay  oa  end  aoat 
Llkaly  tho  4«stm  of  rwror-ooltaya.  Tho  50-all  Hsocond  rondjuetnant 
period  aaatloaod  wnder  tho  pwlaod  work  la  probably  aeeocietnd  with  tbo 
fluid  not  loo  under  tho  Jata.  Thoao  tliao  acaloo  aro  cooalataat  with 
latar  obrervwtiowe  of  jots  fora  lag  and  collsyolag  bo  Low  100  la  while 
rwnaiulag  stable  throughout  tho  eye  la  at  higher  frogwanclae. 

for  tho  Initial  wttsnpta  at  tlaa-of-f light  aoaoataaoat  of  Woo 
char  wet  aria  ties ,  a  towns re lal  ay  orb  gay.  typo  CP- 22  (KbC) ,  woo  wood 
InoawKth  so  lr  waa  road  11  y  aoailabla.  With  a  negation  trigger  ay  Iks 
aypllvi  to  tho  gap,  aa  additional  0.005  pfd  capacitance  woo  rr^alrW 
at  tho  needle  to  enable  tho  gay  O  flro  coup let sly.  trw  thaw,  a 
signlr'lcaot  do  1st  and  coca Ida rails  jlttar  wars  aboorrsd  ao  that  tha 
moult log  TOP  trace  was  aot  a  good  Indication  of  boas  candle lows  at 
tha  lnataat  of  tho  trlgjor  puls*. 

A  snail  trlggorod  opart  gay  woo  than  Wilt  wo  lay  two  natal  besd- 

ephorao  of  about  1/3  cw  radius  with  air  dl  aloe  trie.  Tha  trigger 
olactroda  was  c aot a rod  la  the  ground ad  oloc trade.  Cop  spaclag  wao 
*dJwot*d  to  give  tho  noot  rollablo  rilggerlag  la  tha  workliag  tango  of 
ewudl*  voltagsa.  Additional  capncltanco  wao  aot  mgwtred  la  order  to 
allow  this  gap  to  flro.  Ao  with  tho  larger  gay.  tha  trigger  are  wao 
followed  aftar  a  measurable  t  two  latorwol  by  t  rone  far  of  tho  are  to 
tha  wain  gay  which  than  switched  off  tho  ooodlo  wait  ago.  Tha  — oiler 
gey  rodwend  this  tlao  lntorral  f raw  sonochlag  mr  100  a^croeocoodo  ta 
about  K  aicrosecon da. 
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Using  the  b<l«c«i  oStMttitar  circuit  an  well  u  collector  nrmt 
ntlowt,  nr*  mmuti fit  a  wore  w<U  cf  wall*  current  response  to  •top 
reduction#  la  accslarat  lag  potential.  Th*  following  quantitative 
raowlta  uere  observed!  frow  aa  lalt‘«l  7. ft  kv  accelerating  pot  oat  la  1 , 
a  step  reduce  loo  (poaitlra  ml  tag*  atop  oa  extractor)  of  1000  volts 
brought  tha  need  la  •—irratit  to  sara  after  1  Billisecond;  i  2  h  etep 
■topped  It  la  half  that  time;  awd  a  atap  of  laaa  thaw  1  kv  could  aoc 
cowplately  interrupt  tha  carraat.  Oace  Utamptd,  tha  curr-sot  took 
l row  2  to  ft  Billiseconds  froa  tha  and  of  tha  palaa  to  raatora  itaalf , 
depending  era  pulse  amplitude  aad  duratlow.  Tha  r**m-off  Interval  waa 
also  dependent  to  a  alaor  eat eat  aa  propallaat  faad  pres sure. 

Batter  lcpedance  watching  between  tha  awdlo  awpllflar  awd  tha  etep- 
up  tranaforwera  Improved  both  the  solitude  awd  rlee  tlaa  of  tha 
Modulation  signals.  When  AC  awd  squara  wave  signals  of  >5  kv  peak 
anplltnds  ware  applied  to  the  weed la.  collector  currant  pulaae  were 
nociceabla.  but  new  difficulties  were  revealed  la  the  attenuator 
circuit,  la  particular,  with  coot 1  Dooms ly  varying  needle  voltagea, 
redistribution#  o(  electric  charge  on  lnewlating  surfaces  (particularly 
at  points  of  transient  hlgb-flsld  coodltlooa)  gave  rise  to  micro-area. 
These  area  became  a  severe  source  of  noise  la  Che  output  signal  at  peek 
needle  voltage#  <nr*r  akouft  3  kv.  The  attenuator  circuit  waa  thaw 
rebel It ,  giving  wore  attaatloa  to  lywitry  awd  electric  field  considera¬ 
tion#.  A  new  step-up  tranafurwsr  waa  designed  to  enable  operation  at  op 
to  >10  kv.  AC  or  square  wave,  at  frequencies  of  ICO  !U  or  higher,  with 
either  single  or  bipolar  wodulae. 

Continued  work  ow  the  apart  gap,  resulting  la  the  design  shown 
schematically  in  figure  33,  further  reduced  the  response  time.  The 
jSeaigu  coaalate  of  two  spherically  curved  surfaces ,  one  grounded  aad  tha 
other  connected  to  tha  thruster  needle.  The  trigger  elect  rode  la 
coaxially  located  In  the  grounded  electrode.  The  gap  electrode#  are 
formed  by  rounding  tha  ends  of  two  3/1  -  1ft  holt#  positioned  Inside 
a  threaded  FlsxigLse  block.  The  ground  electrode  screw  is  drilled  to 
accnpt  a  3~sjt>  else#  tube  which  sets  as  a  containing  Insulator  for  the 
trigger  electrode  wire,  and  also  attends  the  length  of  tim  trigger  apart 
SO  an  to  Instantaneously  shorten  the  effective  gap  spacing.  The  eels 
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figure  S3.  Triggered  Spark  Cep  Design 
%ap  spacing  1b  adjusted  to  efeouf t  0.2  lack,  whick  Is  mt  Helms  to  h*14 
off  10  kv.  The  end  of  the  t r igg » r  wire  to  b.ejhc  flush  with  the  surface 
of  the  grounded  electrode,  esd  the  end  of  the  glees  tuba  le  otaaM  to 
•bout  hr’  fwry  between  the  mala  electrodes.  Trigger  spark  polerlty  is 
typically  node  the  uee  sa  the  needle  electrode,  so  thee  at  the  fastest 
of  the  trigger  spark,  the  breakdown  first  propagates  from  trigger  te 
ground  electrode,  than  the  aaln  discharge  occurs  la  the  abort  gap  between 
the  trigger  spark  pleana  end  the  needle  electrode.  This  design  adds  very 
little  extra  capacitance  tc  the  needle  circuit,  and  triggers  reliably 
f  row  e  few  hundrwd  volte  to  over  ±10  kv. 

A  15-kv  trigger  puxse  for  Che  gap  is  provided  by  an  E.C.C.  type 
TM-49  transformer  driven  by  s  Type  2*4102  Silicon  Coo-irolled  tectlfler 
(SCI).  A  transistor  Mpllflar  stage  triggers  the  SC*  fro*  either  a  push 
button  or  an  electrical  tialng  pulse.  The  tine  delay  f ran  < ~r~ t  pulse 
to  aeln  gap  brestuxnra  la  a  felrly  stable  3  *mc.  Thus  It  la  possible  to 
crlgger  the  gap  froa  the  scert  of  an  oeclllcecops  sweep  and  record 
collector  current  beginning  approximately  3  elcto seconds  prior  to  the 
Clan— of-f light  spark.  The  onset  of  the  eels  tlse-of-f light  trace  le 
signalled  by  s  swell  noise  pulse  suyur loosed  an  the  trace. 

A  special  trsne former  wee  wound  using  a  1.3  x  1.3  square  stack  of 
11-150  (0.Q14  thick)  laminations  se  the  core,  end  having  290  turns . 

*o .  27  wire  sod  2u,00C  turns.  Mo.  42  wire  center- tapped,  se  priauey  eed 
secondary.  The  entire  salt  uee  racoon  potted  In  epoxy .  When  '-'lvue 
by  the  600-ofan  output  of  a  30-watt  Kctntoeb  eedls  amplifier,  it  delivered 
10  kv  (me)  between  tod  of  the  le^ondsry  and  the  center  tap  at  70  rfs. 

With  a  suitable  leg  network  between  the  input  to  the  audio  amplifier  and 
a  ague re— wave  gensrstor,  it  wee  possible  to  control  the  tilt  in  the  output 
waveform  down  Co  shout  60  as  vquaru  waves  (depending  on  aplltude)  . 
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riea  Um  for  a  lWr*  *r-«piit.wM  ( 2C~fcw  muws rio^v)  Is  120 
nleroeecond*  (167  vole*  per  vmc  i' wi.«|  rate),  with  one  end 

of  the  secondary  grounded,  cantor  tap  09*0 .  SieiLasly,  the  eexlmni  slaw- 
mti  rwgueocy  for  10  V  v  peak  output  waa  a  tout  1290  Six.  TMa  trant-fomer 
cons  l derab ly  extended  the  needle  wltag*  capability. 

11.2.1  EeOW  -  Glycerol  Frorellaat 

A  propellant  mixture  of  1  (9  KeOB  to  2)  al  glycarsl  as. a  esod  with 
a  platinise  oaadla  of  0.016  Loch  0.0.,  with  DC,  if.,  pnlxed,  mA  ®gu*x»- 
wev*  oaadla  **oltages.  Kc  quantitative  data  c ould  ha  take**  baceawe  ■»£ 
the  wary  erratic  nature  of  the  bean  performance.  Op* rat ion  cm  DC  watt 
characterised  by  tuddoti  bursts  of  currant  of  varying  xsplltuds,  each 
with  an  approximately  exponential  decay.  With  seek  burnt,  s  yellowish 
plow  appeared  at  the  oeadla  tip.  All  Ciaa— of -flight  tracaa  obowwd  a 
pronounced  loa  peak. 

The  difference  between  the  performance  of  IsOa  doped  glycerol  eeeo 
hare  and  that  reported  by  Bureau  «,Aaf.  11-2)  1*  thought  to  be  doe  to  fonaa- 
tlan,  in  our  cam,  of  gee  bub b lee  within  the  platlrstat  needle,  vbareae  this 
apparently  waa  oot  a  p  rob  lee  with  the  a>.e«l  oeedlae.  Analyale  of  the 
l»e-of-f light  data  showed  in  one  caee  a  significant  oolewy  of  drop  lata 
with  a  velocity  of  about  77  km/aec  and  average  charge- to-uae*  ratio  of 
2,65  a  It)3  coul/kg.  The  aaaraet  guest  lead  vein*  of  3.22  x  103  u.orree- 
ponda  to  one  Sa+  with  3  glycerols .  y.w  other  typical  naabera  for 
overall  tree**  wen •  poeltiwa  half  cycle  -  I  -  25M  aec,  (Q/M)  - 

IP  •*  a 

47,637  c/kg;  legatlve  half  cycle  -  I  -  2435  aec,  (Q/K)  «•  31,647. 

ip  III 

It  alght  be  well  to  cry  a  Mailer  concentrat  of  BeOS  doping  at  eone 
future  data  loweeer,  in  order  to  eetabliafe  a  fire  baea  for  coaparlaoe 
of  Ac  md  pulsed  operation  with  DC  operation  as  seen  elsewhere  in  our 
Laboratory,  it  was  decided  to  return  to  the  uee  of  Kal  -  glycerol  *£ 
tkis  tine. 

11.2.2  Slao-wawe  sod  S<r*sre-W«ve  Operation,  iial  -  Clycerol 

Following  a  brief  run  under  DC  conditions,  conparlsona  were  oadc  of 
oeadla  operation  at  30  Ri  sine  wave,  500  Ex  aloe  wave ,  and  later  at  60  Ex 
square  wsva .  During  the  DC  operatioe,  several  TOT  trecee  ware  nede  to 
determine  the  character  of  the  .ease  as  a  function  of  wnltsga.  It  wae 
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th at  eta  relative  fraction  of  extremely  tut  particles  one 
negligible  for  needla  voltages  bal am  about  f  b,  wad  increased  rapidly 
with  voltage  above  Chat  point  Ccmaegwomtly ,  eta  operating  voltage  for 
tba  30  Is  aiaa  wave  «m  tape  talow  tta  poise  stars  a  large  fraction  of 
fast  part  Ida*  would  appear.  Figure  34  la  a  ekstcfc  of  tta  media 
voltage  mna  for*  (P)  a  hewing  a  solid  lisa  daring  tta  etna  entrant 
appeared,  tta  currant  waveform  (1),  and  ran  veins#  ea  leal  at  ad  f  run 
TOP  plcturua  —  throat  (f) ,  and  l  Currnat  (and  Sane a  th'  *t> 

8p 

appaarwd  from  about  60  degrees  to  130  dagree#  daring  tta  positive  half 
crcla  and  botwaan  217  degrees  and  307  degrees  during  eta  negative  owing. 

S pacific  impulse  and  average  throat  wara  typically  lower  on  tta  negation 
aide.  "w  aweraga  throat  over  tta  entire  cycle  ana  6.01  plb^. 

At  300  Ha  tta  performance  a a  Indicated  by  TOP  plctorae  ana  radically 
different .  Tta  currant  polae  durst  loo  wan  atlll  about  70  dagruae  of 
ptaea  angle,  but  shifted  about  10  degrees  later  in  tta  cycle  than  at 
50  la.  TOP  trace#  abound  a  predonlwawca  of  fast  particles  oat 11  vary 
lata  la  tta  cycle,  whan  the  currant  and  voltage  ware  both  low.  Tta 
picture*  did  not  look  particularly  prowlaiog,  and  were  not  analysed  1* 
detail. 

Operating  of  tta  needle  with  approximately  6€t  la  square  -urns  la 
shown  la  Figure  33.  The  upper  trace  la  the  upper  f raws  la  needle 
voltage  at  4  kv/divleloa;  the  lower  tract  la  collector  ~irmt .  In  tta 
lower  frana,  the  collector  current  signal  is  superimposed  oe  tta  needle 
currant  signal  derived  fron  tta  balanced  attenuator  circuit.  TOP  trncse 
takan  at  various  tinea  during  tta  cycle  gave  tta  results  shown  in 
Table  11-1.  Tba  average  value  of  throat  over  tta  cycle  la  6.11  plbf. 

Data  reperted  In  Table  ll-l  ware  taken  at  latarvala  during  a 
three— day  period  following  an  Initial  acartep.  When  sot  set  for 
operation  In  anna  other  node  (for  exploration  or  data  taking),  the  wo  da 
of  operation  wee  60  Hx  square  wave.  Total  cowt lsuoua  operating  time  la 
this  node  van  probably  wore  than  50  of  tta  laet  36.3  elapsed  boars  c*f 
thia  period. 
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* 1 gur *  35.  60  Ha  Square  Wave  Performance  -  Upper  Fraae  Weedle 

Volt***.  (Upper  Trace)  and  Collector  Current  (Lower 
Trace)  venue  live;  Lower  Fraae  Collector  and  Koedla 
Curremta  Koreallxed  and  ^uperlapoaed. 

I 

Table  11-1.  TOF  Keeulcs  for  60- H*  Square  Wave 


t 

(kmc) 

I 

*P 

(••c) 

f 

(lbf) 

(q/e) 

(coul/kg) 

V 

n 

(kv) 

I 

(uA) 

m 

(vc/mc) 

n 

(X) 

1.0 

437 

4.6 

1508 

6.1 

8 

■> .  j 

92 

2.0 

648 

5.4 

3301 

6.1 

18 

5.4 

71 

3.0 

790 

7.2 

4915 

6.1 

28 

5.7 

74 

4.0 

815 

6.7 

5230 

6.1 

28 

5.3+ 

77 

6.0 

733 

8.2 

4230 

6.1 

30 

7.0 

74 

7.3 

754 

6.3 

4546 

6.0 

2* 

5.3+ 

74 

9.0 

310 

7.7 

755 

-6.1 

-16 

21.0 

55 

11.0 

414 

7.1 

1352 

-6.1 

-22 

16.0 

52 

12.0 

621 

5.6 

3042 

~6 . 1 

-23 

7.5 

55 

u.o 

738 

6.1 

4293 

-6.1 

-25 

5.8 

66 

13.0 

745 

5.4 

4375 

-6.1 

-22 

5.0 

67 
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Following  tb*  approz.uietaly  V}  hours  of  operation  at  60  Hi  square 
«m,  tb*  oood la  and  extractor  wvr#  r  weevil  f ran  tbo  vkum  ay* tan  for 
aswainetloo.  A  considerable  dapoei'.t  of  dart  material  «u  mm  on  both 
tbo  needle  ted  extractor  plate.  Sow*  roughening  of  tbo  surface  of  tbo 
oo«d la  ria  wee  aloe  acted .  A  50— hour  rvn  was  cboa  eeda  using  a  new 
a pad la  mad  axtractor  piato  <ad  DC  oporatloo  to  verify  that  Cboao  effects 
won  Id  act  occur  during  joru’  DC  operatioa  la  Chla  facility. 

11.2.3  fulsad  Hods  Operation 

la  TCW  toport  07131-6019-80-00,  Colloid  Klcroth  motor  Lcporlooot 
ho.  17,  pulsed  oporatloo  at  1  puiae  par  second,  250  oaac  pulse  duration 
vaa  reported.  That*  araa  aa  Initial  period  of  shout  70-60  aoac  during 
which  cur  rant  nsplltuda  waa  lew  and  consisted  of  faat  part  Idas .  Follow¬ 
ing  rm i  additional  (aw  allliaacooda ,  owed  la  performance  to— tabled  that  of 
DC  oyK  atluo.  Using  the  high-voltage  t rane former ,  wo  ware  able  to 
generate  8  aoac  pulses  wl chin  a  AO  anc  period.  TOF  trace*  Indicated 
that  ww  ware  alwey*  within  the  initial  turn-on  traaalaat. 

11.2.4  Pulse*.  Oparstloo  —  Off  Tina  versus  Feed  Pressure 

Aa  additional  facility,  anda  available  for  uoa  oai  thia  project, 
featured  a  ml  1  atalnlcea  a  teal  boa  that  served  aa  a  needle  pointing 
Htn^ar  Tb*  box  la  of  about  5  lad.  square  croea  *  act  loo  by  9  Inc  tvra 
long  and  la  fitted  with  thrwe  L-locL-dlasMta r  plate  glass  windows 
through  which  the  needle  and  axtractor  plate  nay  be  viewed  while  in 
operation.  Owing  a  ahort-raage  telescope  (at  20  to  5GX  nagnlf lcat loo)  , 
aevural  phoconlcrog npha  ware  oeda  of  the  array  of  Jata  at  the  rl*  of 
an  oper  ting  need  la .  On*  such  picture  la  shoem  In  Figure  56.  The 
axis  of  the  osedla  sad  prtpullant  feed  tube  were  uounted  horizontally 
ipo  that  It  la  poaalbla  to  cchlave  zero  {or  slightly  oegat lwe) f aed 
pleasure.  A  mabtr  of  experimental  observations  were  made  aa  d. scribed 
In  tba  fo  Li  owing. 
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F 1  Kart  54 . 


FtMtaalcroir^  of 
colloid  noodle  la 
operation.  Total 
acceleration  voltage  - 
6  kv.  Current  la  11  *A. 
Optical  focua  la  on  the 
near  rla  of  needle  and 
above  about  a  -oaea 
currant  toartts.  by 
adjustment  of  optical 
focua,  about  30  such 
jets  vara  count ad 
around  the  rla  of  the 
needle. 


its  vere  a  arte  "bleb 


gave  an  eatiaate  of  the  maxi.Ti*  safe 
voltage  off  tJ-»e  In  pulsed  oeratloa 
aa  a  function  of  feed  presets  re  and 
operating  voltage.  The  results  of 


these  eeasu 


ita  are  shown  In 


Figure  57.  Following  voltsg;e 
turn-off,  the  first  affect  observed 
was  a  structural  collapse  of  the  spraying  jets.  Following  this,  t\m 
fluid  filled  the  needle  tip,  then  fomed  In  sequence  a  positive  wc  slscns , 
a  hemispherical  meniscus,  and  finally  a  larga  drop  rtnch  vet  the  outside 
of  th_-  needle,  sagged,  and  dropped  away. 


The  point  in  this  sequence  considered  to  be  a  maximum  safe  standby 
condition  for  a  non-operating  needle  la  the  hemispherical  meniscus  . 
Inasmuch  as,  at  thia  point,  capillary  forces  within  the  drop  are  at  their 
max  Issue.  Fortunately,  there  la  a  way  of  determining  the  moment  vhm  a 
given  meniscus  size  has  been  arrived  at,  although  deCendnatlom  of  tho 
exact  droplet  volume  la  not  very  precise.  The  method  consists  of  applying 
a  wry  low  valu?  of  needle  voltage  (about  1/3  operating  value)  to  the 
needle.  This  voltage  is  then  carefully  adjusted  so  Chat  the  droplet  of 
desired  size  la  unstable  under  the  action  of  the  electric  field  and  a 
portion  of  it  la  pulled  off  and  accelerated.  The  measurement  la  the  time 
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iatarval  from  r*  duct  l  os  of  neaole  voltage  (frca  eperatiag  ts  this 

1  o*r*r  point)  until  the  flrat  large  drjylut  la  appalled,  TVr®s  amis  ef 
■M«A«ra aunts  an  plotted  la  the  figure  indication  that  tba  «ri  tMa 

the  needle  tip  to  sfelch  the  (nagative)  miIkm  ! a  Iran  also  >«rl> » 
with  naedl#  a«c« lerat lag  voltage. 

u.2.5  kc;  ftwiav.tsa~  tfrm  Aaslx,  Pn«2&ga_iL.te£i. 

Obsanratlone  of  tba  Jet  structure  at  the  ri*  of  a  ».  -41*  la  1C 
operation  xn  ult  la  a  — maat  «o  that  tba  phi—  angle  «fcps^.4awc« 
could  ho  o  boo  trod.  This  was  ecccvpliabad  by  illatirf <  is^  <:'aa  s«r«*t5»* 

Cip  with  a  aCtoboecopic  flash  unit  r r iggwrsd  «x  e  alight Ip  41  f faroant 
f raqeaocy  f rot  that  of  tba  PC  voltage  applied  to  the  sesdle  tip.  loth 
tba  oavd la  vo! tag*  wavefoni  toil  tba  at  robe  trigger  peine  »»ra  o&serwed 
oo  aa  oecllloaccrpe  ao  .Sat  tbs  phaaa  eagle  a?  tha  light  flaab  could  b« 
la tars load. 

Observations  wars  aada  o»sr  tba  f  rsqwascy  tasga  of  *0  ts  to  500  Be. 

At  tba  loveat  frssueocy,  fat  collapse  of  tfaa  Jot*  ktvMa  access* iv« 
altaroutlooa  of  tha  oaadla  \cltage  was  alsost  coaflpiata  sad  foraatics*  of 
new  ]ata  ra<^ aired  a  largo  fraction  of  aocb  half  cycle.  At  ixx—whsi 
higher  f rsqueuclss,  tha  col lap aa  **»  osly  partial  with  tbs  grsstsst 
collapaa  occurring  Just  aftar  tba  taro  crossing  of  voltage.  lot  strse- 
tura  during  positive  alterastlos*  resaahl-al  vary  ciossly  that  Aarlsg 
negative  « ltnrri.il t loan .  At  frequencies  abcws  a  taw  hundred  crtU*  pot 
eacaad,  toa  Jit  »i  rue  tura  sa—  d  not  to  collapse  aotl  csshly  between 
poa fti*a  and  negative  altamat  ions .  Kaeoeesr.*  effect*  ware  not  cdMtervrsd. 
Apparently  tba  daaqpiag  was  of  a  high  o friar .  It  appears®  that  tha 
droaaU-  affacta  observ. a®  -wra  rwleterf  nely  te  eageltedes  and  freqwasciaK 
of  electric  flald  Mid  fluid  lan’i-unir  •  ’  forces,  iaeewecfe  mt>  m»  awida—ts 
cf  affacta  due  to  tba  loiarlt?  of  tba  alactrlc;  field  we re  oheerved. 

11 . 2 . A  fcrsarlsa^tpl  Modifications 

Profiles*  associated  with  capacitive  cartes**  sera  becoeiag  ewceeslv* 
aa  we  proc*s*is4  Co  higher  rroqesocy  epeystio*.  Higher  fteefuesaelea  (to 
■host  3  UU)  -sere  sctLleved  with  tba  origlsAl  crsMfcnMi  by  asi^g  «  Mg^t 


I 

pomvr  driving  <*pU(Ur.  PrtttoMly,  t he  needle  current  wcwld  fall  at 
the  higher  frequencies  beeawee  the  aapllfUr  co<*id  not  supply  tbn  higher 
c«nw«(i  an *oc  UtW  **"!  t b>  the  charging  and  4  lechsrg in*  of  thn  diatrlbeted 
capacities,  and  the  voltage  «w*»ld  fall  cad  hoc  osar  triangular  with 

H 

negligible  t la*  at  the  peek  voltage.  the  new  wpllfler  corrected  thie. 
but  the  higher  frequency  operation  canned  problnae  aeebclated  with  the 
capacitive  current  drawn  by  the  propellant  l*  the  &!*••  feed  Ilea.  TMe 
cun-wet  caused  gae  generation ,  wee  variable  IM  could  not  he  willed  ewt 

•o  e»  to  get  e  eecaiagful  aeaeatenent  of  tbe  trw  aeedle  particle  currant  j 

from  the  divider  circuit.  Also,  -anil  *ttey  capecitnocne  la  the  divider 
produced  Lnproper  voltage  division  at  ail  f requenciee  *c  direct  aeedl* 
current  waaearaeeota  ware  oAecnred.  A  ' *v  «rd  {  **  redone  wars  eff  acted 
to  help  the  •ltuatloe.  The  glaee  faed  take  wee  replaced  with  a  lew 

cap*clir  natal  llna.  A  d terry  capacity  wee  uaed  1®  a  bride*  circuit  to  * 

aisulata  the  oaedla  u  the  divider  output  would  uot  reed  react  ?.ve 
cs.rreata,  The  divider*  acre  redeelgpv'i .  however,  for  high  frequency 
«sd  for  aquaie-wev*  operation,  lc  wee  atlll  difficult  to  accurately 

•••aura  'he  curraat  fro*  the  aeodla.  The  ragiatered  iwia  TVf  collector  ^ 

mi  installed  iad  oparatad  with  the  needle  in  poeltiuw  to  he  oweecred 
throwih  e  aicraecope  with  coMtest  front  light  or  strobed  beck  light. 

Later,  a  trsnaforaar  technique  wee  developed  for  direct  observation 
of  aeedle  currant  during  AC  operation.  The  originally  Intended  nritwd  ^ 

of  »ee9uring  the  actual  tw»ta*t icaeoua  beadle  current  (not  eorrret  codactod 
by  n  TO?  collncto  )  utilised  accurately  ctwpsaaatad  atfwcmat or »  ncroea  e 
aerlea  load  retistor  ta  the  needle  circuit.  The  reduced  di f f ereetial 
voltage  wea  nooitored  by  an  oecilloacwpa.  !t  wee  found,  boweaar,  'hat  It 
wee  laponaihi*  to  balance  out  the  large  total  nee  Li  a  wit  age  f  lac  <,«{13a  I 

<  -»A  kv)  auf  fie?  early  anowgh  to  aee  the  anal!  voltage  drop  ecrue#  the  load 
resistor.  The  ecopa  adjeatneeta  wold  drift  The  attenuator*  were  aoc 
•aactly  identical  at  all  f-eqrenciee.  Also,  there  cxlatad  a  caputatlae 
Modi*  currant  hunsdratl*  of  Ctaea  the  rale*  of  the  anlcted  currant.  Thia 

b 

wee  due  to  th*  capacitance  of  the  needle  eeeeafciy  sad  the  attached  feed 
era tan. 

» 
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Th««  '  parcfelane  war*  mourned  by  atU|  t  ppmcieUy  designed 
current  traaefon<er.  The  prlaery  1*  4, DUO  tUM  eraser  t  raped,  *iw4 
m  a  Tftflow  bobbin.  The  AC  voltage  lft  applied  te  ti m  t*?(  the 

needle  £«•  oo«a  aide,  and  ea  adjustable,  high-volc  «<*a  tuolftg  Mpfttltgt  t» 
the  oiSmr .  The  500--tura  secondary  lft  tereifteted  with  2)  Q  sad  cm*iu«d 
to  the  1  ev/ce  Input  of  -sn  oscilloscope.  fra  isici rrusspereft  lft  tint  pariraty 
emu**  *.0~i»lcri?ftftBp«r«  flow  through  the  2V<*Hn  raeomtftrT  lose.  time 
producing  1  Rlllifolt  sad  1-cs  scope  deflation.  It  ra*  farad  deal rwi>V* 
to  shuaf  a  20«  *  3  .eeiftfor  across  the  pr1.":JT,  t»  drag;  *a  aecllletlse* 

iva  to  the  diatclcwatsd  capacity  an4  le«k**y  iisdeesrae*. 

The  trsnafonwr  le  mounted  la  oil  la  a  w-'raCal  Iws,  The  low  fr*~ 
qurscy  ivispuDM  la  11*1  tad  by  aa  L/l  tioe  cons  tame  of  sJn.v~  0 .05.  second 
(Uh  m4  25C) .  High  frequency  response  i.y  l«*<tee  by  Irak*#-?  Indwctcec* 
nod  distributed  capacity  to  about  S  aicroraccsswa. 

11.2.7  Outolde  deeile  Wattles 

Watting  on  the  aide  of  the  needle  daxiisg.  AC  ~*&s,  Invest igst  ad . 

Props lleot  would  Irak  out  onto  the  all*.  thra  biiiiil*  cad  fe«  palled  off 
as  jata  at  *>0* .  the  bubbling  wa*  probably  due  t a  hydrogen  e-volution 
reeultlng  ‘ roe  electrolytic  action  caused  by  electrons  »C riklcg  the 
fluid  eurfac  Thle  vetting  era  sot  ae  **«ro  with  square  earn  operation 
at  the  same  frequency  or  DC  operation,  axwi  t-<a*  leer,  eevera  at  higher 

f reqsenciee .  It  wee  aural red  that  the  wednlsXion  of  tin  force  prupovt lose! 

2 

to  I*  eemhow  «loahed  tha  liquid  over  tee  aid#  e*  the  Jets  toremd  end 
col  lapsed .  for  square  w»v«  ope  rat  i  on ,  s‘  era  a  c  naet  eat  except  for  the 
brief  rattchiag  t  1m .  ?or  higher  fr*quracy  ATT  operatic®,  the  Jstj  did 
cot  colley** . 


11.2.4  fterala 


It  wu  found  the.  gas  gsomretai  withia  the  1'qvrd  at  the  tip  rswultod 
la  erratic  operation  If  tb-  sat  aeedlft  esnref  wss  stegativ*  ot  If  elec- 
t rone  bombarded  the  liquid  during  positive  operatic*.  la  <*1  lad. rate 
electron  bomba  rdwoo  t ,  a  negative  voltage  vee  applied  t*>  tee  aers  lets- tor 
(Just  ae  la  positive  DC  operation),  rhla  lscreraed  the  field  lur.iftg 
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►os  i l  i oparat  ic-a  ,  cswi:.  am  UBbalassca  of  (aoautl mam  tha 

oma  Lurraot  «m  ssro) .  A  cowtttt  a-sgattrs  Mm  mi  appllad  la 

««ri«i  with  tha  AC  rol  Caga  to  haloacs  tiw  aat  citr«t  to  alocst  un 
(allghtly  posit  iws  to  prarmmt  (u  fonwcloo).  Thaaa  agw I  currsat • 
vtrfl  indicatad  by  tha  nrnat  traesferaar  oatpst  am  wall  am  a  DC 
attar  la  Mrlaa  with  tha  asstlla.  Aa  oat r tad  altaraa ta  aolutijo  to  tho 
abo**  weuli  baoa  to  waa  aa  AC  aatractar  Mm  ISO*  oat  of  pfcaao 
with  '  m  -ala  owadla  ro  1 1 ags . 

TV-  currwcc »  aaaaursd  cut  tba  TOF  collactor  did  not  generally  s grae 
with  those  Indicated  try  tha  aaadJa  c  *rant  eooitor.  Tha  collactor 
Indicated  laaa  aag tatlaa  cwrraat.  Since  tha  collactor  ha4  reglatened- 
hoiaa  sod  eariatio*  of  tha  blaaaa  had  ou  effect,  this  discrepancy  waa 

aad  act  taoderetood.  «a  faal  It  waa  associated  with  base  aprsnd 
* ,-<ca  it  la  ktxjwTi  that  tha  collactor  did  not  catch  tha  entire  ‘■■amm. 

Thara  waa  alao  rrldaor-a  of  low  eagle  bean  seect  aria.  off  adjacent  walla 
Into  tha  collactor.  It  la  probehla  that  scattered  negative  particles 
preferentially  lose  their  charge.  It  Is  hard  to  ball awa  that  tha  oegatlwe 
halt  eye  la  has  a  higher  bean  apt and  aloes  at  reboot op lc  *l»ua I  obaereaitoa 
of  tha  roadie  haa  shown  that  at  nodarstaly  high  frwgwanciae  thara  ere  oe 
changes  la  entering  jet  structure  batwwao  poaltlva  and  negative  half 
•rye  law  -  If,  hemrear,  sows  of  the  na-;;«lvn  aeadl*  currant  waa  fro*  tha 
aide*  of  tba  needle  (typically  gwlr.  dirty  daring  UL  op* twlon),  than  tha 
collactor  night  hava  j*n  accwrately  tndtrrting  a  »s*s.;.lai  quantity  of 
negative  colloid  partlclec. 

11.2.*  Treleal  AC  Operacloo 

txtaaded  A C  opave'iot  has  always  rennlted  la  a  pitted  awwdl a  with 
fooadag  liquid,  crystals,  aani  tar  oa  tha  out  a  Ida.  It  waa  hoped  that 
careful  opnrstioa  without  erwar  role  lag,  oad  with  proper  potsatLaia  to 
f.  mmC  gas  formaC  loo .  woold  prewant  thaaa  effect*.  however.  reposted 
rsotarts  pi  needed  by  carafol  polishing  of  tba  aaadla  and  DC  startup  has 
always  produced  outside  watting  and  aatsrlal  growth  , -hiring  AC  oneratio*. 
Tha  pitting,  bowwr ,  -a«  redwvd  and  probably  waa  a  rsaalt  oaiy  of 

arcing  whies  can  cm  controlled. 
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11.2. ie  AC  lfgulr*W 


A  second  higb-woltag •  trmfomr  «u  <wlp«4  to  op#.;sta  bucunee 
100  It  and  10  kilt.  Tho  crntfciMt  <1—  —  lot  tn  roughly  4*7ti.5  icdMt. 
It  weighed  35—40  pouftda ,  lac lading  aocapaulatloa.  The  high  f  ewer  repaired 
Co  ;tMHt<  high  vo l  tag*  «c  high  frequency  without  go oar  facto?  correct  too 
(resonating)  Initially  wee  aot  fully  recognised.  Tito  falloro  to  ochlnw 
high  woltnga  at  high  frepueocy  «a*  binned  om  the  traeaforaar .  Qnfartwn- 
ately,  tha  capacitive  load  that  ia  driven  La  oath  larger  thae  the  Ha* 
tributes  capacity  of  erroa  our  old  tnaeforaer,  ao  tha  eew  tr— ofotoor 
«rlth  lower  dletrlbstsd  capacity  dll  not  laaaao  tha  power  remind.  Tha 
original  30-watt  aopliflar  could  achlawa  only  a  faw  hwadind  cycles  at  t  kw 
rssa.  A  200-watt  aopliflar  allowed  crtaneloe  to  over  a  kilocycle.  However, 
thla  aopliflar  failed,  and  the  aalv  aopliflar  at  hand  waa  *0  n<t* ,  which 
wca  juet  adequate  to  achlawa  about  1  khz  aed  A  kw  too.  Tha  aopliflar, 
when  aupp lying  a  capacitive  load,  ooat  diaalpato  all  the  atorod  loirp  oe 
tha  powr  tuba  anodes,  choc  Halting  tuba  life.  The  obwlosu  aooaar  to 
thla  problee  waa  to  radoca  tha  load  and  to  a  twit  oa  ledwctaeco  across  tha 
aepllflar  output.  Tha  load  was  radocad  by  ra  da  clog  laada  to  Inc osvan lastly 
nhert  lengths,  allnlAatlag  tha  eatar,  spark  gap,  cod  cwrraat  traesf orner 
(and  duoey  capacity).  Me  coast  rw  ted  ao  lodsctance  to  redaca  tha  load 
cat  tba  aopllflrr.  aed  la  thla  aaaaor  war*  able  to  work  coarf  art  ably  at 
1  kfln  aad  axtaad  tha  aaaosraeaeta  Co  5  Ubt,  with  tha  aaw  traeaforaar  la 
cnojaectloa  with  tha  flO-wett  McIntosh  aepllflar. 

11.2.11  1-kHs  Oparction 

I^jsfl— tara  1-kl Locrcla  alaueeldal  oparatloe  of  a  0.014  loch  0.0. 
pietism  oaadla  so  log  3/10  Ea! -glycerol  propel  1  et  waa  typified  by 
growth  of  eeterlal  oe  tba  aaatdla  anterior  (Tiger*  51)  aed  poor 
afflelescy .  Tbs  poor  efficiency  waa  doe  to  tha  base’ a  high  Ionic  eam~ 
panes t.  Thla  la  Illustrated  la  rigure  5P  aha  re  tree  lags  s  aede  of 

pol.ro Id  plctursa  of  tha  ac ops face.  Trace  (b)  Calls  tha  acory:  tha 
cur  tea  t  consisted  of  ae  Initial  burst  of  hlgb  jpsclf  lc  lopul  mm  particles 
with  noatly  loaa  as  analysed  la  the  tine  of -flight  trees  la  (c).  Host 
of  tha  seas  flew  la  rap  reseat  ad  by  tha  rurroec  la  a  t  mil  lap  ahoeldar. 


t 


7  Igurs  56.  Hlcrophotograph  of  naedl*  after 

24  hours  of  l  operation. 


The  efficiency  during  this  our  tod  was  high  as  scan  by  the  trscs  la  (d)  . 

Thu  story  during  tbs*  stirs  operatlaa  Is  s  lsl  Isr ,  as  ssm  la  ths  1st  tar 
half  of  trscs  (b)  sad  the  tlae-of-f light  trs cos  la  (s)  sad  (f).  nils 
oper atlas  ees  not  peculiar  to  1  kJU ;  with  the  ossdls  la  ths  coodltlos  that 
produced  ths  traces  of  Figure  59,  operatic*  at  all  lower  frequencies 
to  50  cycles  produced  ths  familiar  ep  Ike  sod  shoulder  patters  similar 
to  trace  11  -6  (b)  . 

ii.2.12  50-hHs  Operation 

Balog  a  5C-  to  2000-tara  transformer  cm  a  ferrite  core  with  aa  al r- 
|ap  la  oil,  and  reducing  the  capacity  of  the  needle  curreot  to  20  pf,  the 
rye  tan  was  succsaafully  rue  at  50  kJS*.  At  this  frequency,  detail**  t lme- 
of-fllgbt  analysis  Is  lnpoaslbla  because  the  currents  are  not  of  long 
enough  durst  loo  to  iteedy-ttate  populate  aa  appreciable  ro 1 m«  sod  tbs 
sloe  partlclas  of  a  gives  pules  are  soon  owertskse  by  the  fast  partlcrafl 
of  the  seat  pulse.  Also,  It  was  accessary  to  rsnrrrs  our  t lae-of -f I lgbt 


> 


I 


> 
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Flgura  5f.  Wavaforas  1 1 1  u*c rmt La* 
tTPical  1  kHx  opairat low.  (a)  oo*dlc 
▼oltaja  0»)  nrmt  cm  TOT  col  lac  for 
(oo  up«)  (c)  TOT  takaa  at  p«ak  of 
poalt  lva  curraat  ai>cwl*g  acatly  leva 
(d)  TOT  taka*  oa  poalt  1-ra  ebosldar 
(a)  TOT  at  naf*tl*a  p**Jt  (f)  TOT  cm 
nayatla*  ahomldar.  Co 11 act or 
dlstjK.ee  la  30  aa. 
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circuit  to  reduce  th*  capacity.  Howwver,  guelltativm  o^Mmcloo* 
could  be  made.  The  cpv r  ; t 1  on  v a»  very  •  Leila  r  to  Icwtr  frequencies 
if  not  smoother.  Collector  current  secondary  electron  ratio*  indicated 
faat  low  peaks  u  at  lower  frequency.  Tieually,  the  jet  a  a  round  the 
rla  war*  similar  end  veiy  stable.  Outside  watting  atlil  occurred,  but 
possibly  at  a  slower  rata.  Thu  oat  curreet  atill  had  to  ha  balanced  by 
including  a  negative  voltage  ia  aaria*  with  the  AC  need la  voltage  to 
off  eat  the  negative  an tract or  voltage  used  to  trap  electrons  daring 
positive  operation. 

Som  informal  loo  was  gaicad  by  observing  the  collector  current  aa 
a  function  of  collector  dlateaca.  These  currents  am  thewn  in  figure  60. 
A  phase  ahlft  la  aaen.  Thia  ahlft  of  about  8  sic rotsecoeds  in  60  cv 
lodicataa  that  moat  of  the  recorded  current  conaiatad  of  bursts  of  feat 
ions  familiar  to  ua  from  the  DC  murk. 

An  attempt  to  analyse  the  Q/'N'e  by  a  masaeof liter  wee  abandoned 
aftar  an  experiment  yielded  current*  too  low  to  reed  error  the  note*. 

An  elec t roe  cat  lc  analyier  (whose  resolution  was  degraded  In  an  attempt 
to  increase  the  current)  waa  pieced  in  front  of  a  measenf liter  :md  the 
whole  lost na»ect  pivoted  to  look  at  Che  needle  from  vcrlous  a-aplss.  The 
hop*  had  been  to  analyse  the  charge- to- men a  distribot ice ,  at  rt r ioue 
voltages  (or  pheeea)  aa  m lected  by  the  electrostatic  energy-analyser , 
both  positive  and  negative. 

11.2.11  Direct  Thrust  Meeauf >annt 

Figure  61  thews  the  front  end  eck  of  a  ^wringing  hooeycosKb 
collector  ueed  to  measure  the  thrust  of  a  ea-odle  working  st  bO  kSs.  The 
aegset  wee  ueed  for  damping,  *md  the  mirror  on  the  beck  used  to  measure 
the  angular  deflection.  A  telescope  with  cross-hairs  la  the  arvpi.’ce 
focuaead  on  tlva  reflected  Image  of  a  millimeter  scale  at  e  lie  am  distance 
Thia  produced  a  millimeter  displacement  of  -  *ege  for  a  1-1/2 
mlcropocnd  thruat . 


Flgura  W.  Gollactor  cur  mot  •£ 
varrlat  diataoc®*  fro*  tha  dm41«. 

(a)  12  lacb,l  B.lcroaap/dlvlaloa 

(b)  23  lach.l  olcrr^aap/dlrlaioo 

(c)  1*  Inch. 0.1  aLlcroawp/dirtaloo 
3  alcroaacood/tUvlaloo. 


Thrust •  were  f  1  rst  uuurtd  with  the  MrtU  operating  DC  * rws 

I. 5  al  c ropound*  to  3  nlcropounds  at  currants  frxas  9  to  13  alcmif  im, 
voltages  of  S-i'2  tc  7-1/2  kw,  feed  pressure*  from  0.7  to  3.2  tach** 
of  m-.cury.  When  th*  oredl*  was  operated  at  30  kiU  and  the  s am*  feed 
pressure  that  gave  3  alcropouods  DC  thrust  at  13  alcrosaperss  sad  9.2  H, 
the  thrust  produced  was  0.3  micropound  at  9.3  kw  peak,  1.4  sic r~po<jads 

at  7.73  kw  peak ,  and  3  eicropounda  at  9.73  kw  peak.  Previous  «epet'.emca 
with  AC  operation  would  suxger t  that  the  currants  would  be  quits  Larfw 
at  this  highest  voltage  —  suggesting  a  poor  efficleac-y. 

Llttla  was  learned  from  the  throat  ws saw r want  except  pari-apt  th* 
obvious:  alaost  as  much  thrust  can  b«  t  Mtved  as  nos  wisher  by  owr— 
driving  a  needle  with  wore  voltage,  but  tbs  efficiency  and  life  are 
degraded  to  unacceptable  levels. 

II. 2.14  Karimas  Pulse  Periods 

Propel l»nt  accumulated  In  the  Media  during  the  OPT  period  Is 
rapidly  usad  up  during  the  OH  period.  The  position  of  tba  fluid  will 
thru  than*-  during  op-ration,  the  amount  depending  on  the  alee  of  the 
txtvdle  (storace  capacity)  and  the  aatcuuC  of  mass  used  during  the  CV 
Claw.  The  operating  characteristics  will  altar  with  the  position  of 
the  fluid.  During  the  pulse,  the  current  and  a  deervs— a  and  the  specific 
impulse  Increases.  A  tolerable  change  of  these  parameters  that  does  mot 
materially  altar  the  overall  thrust  afflciency  occur*  when  above  1 
■iciograsi  of  propellant  par  3.014  Inch  O.D.  needle  la  used  In  each  pulse. 
TMi  save  la  used  In  about  1  second  when  the  needles  arc  operating  at  the 
malleus  current  density  consistent  with  long  Ilfs  and  a.  a  specific  tapwxee 
of  1000  sec.  This  mass  represents  only  s  snail  amount  of  propellant 
present  at  the  tip  of  tba  needle — about  •  1  all  depth  charge.  This 
1 -second  09  time  would  be  adequate  for  a  niteillta  spinning  as  slowly 
aa  13  revolutions  per  mlntua  for  a  duty  cycle  of  23X.  Tor  a  slower 
spinning  satellite,  or  as  a  longer  pulse  for  any  other  reason,  tbs 
current  density  cou Id  be  reduced,  or  larger  needles  could  be  used  (tbs 
storage  t lea  should  go  as  the  square  of  the  Media  dimension). 


r 


11.2.13  *\r\  lay  2i±*S.  £±Zl££S. 

Ortlcil  »S**im  of  ttM  j«c«  irwul  the  rl»  of  the  rawlla  then 

c  trcyi  ete  1  y  collapsing  during  Che  0T7  tla*.  Whea  tka  voltage  u  rvepp lied, 
a  tlx*  *p;roatMa|  >0  si  1 1  * t«o*d«  la  requi r» J  k«f«r«  ttM  j>(«  «n  all 
forced  sad  tho  operation  >ieoa«i  stable.  During  this  t renal t ic  peTlvd. 
«*•  j»ti  do  »t  tat  n?«rl(tKt  field  *a<«ct(aa  4m  ta  the  preeroce  of 
sparest  jata.  This  prvJocee  excessively  faat  particle*  and  la i je  aafeart 
of  molecular  ions.  Sigh  average  efficiencies  chum  require  the  cl  parlx' 
he  long  enough  for  this  1m  efficiency  transition  period  te  he  negligible. 

A  long  OK  period,  exceeding  0.13  seconds  for  instance.  thee  pnte  a  Lear 
' lal t  en  the  duty  cycle  of  operation.  For  exaamls.  at  1  pulse  per  second 
(60  ppe)  the  efficiency  la  seriously  degraded  for  a  4ety  cycle  balM  lit . 
For  120  ppe.  the  duty  cycle  should  he  cwr  30t. 

11-2.16  Fewer  Good*, t Ionian 

Fulaed  power  supplies  need  la  the  laboratory  for  expediency  have  hear 
•  lap  la  utilising  e  aerlee  reel  at or  and  a  ahunt  tuba  to  lower  voltage  and 
atop  emission,  but  have  bean  laef f leleat  pcwerwlse.  For  apace  r?pl leatlo*. v 
a  lightweight  efficient  unit  la  required.  The  aeln  concern  la  eha  deetgn 
of  the  unit  la  »o  rapidly  reneve  the  voltage  without  vesting  energy  or 
uelag  heavy,  power-consuming  devices  such  aa  vacuum  tube#  or  thyratrooe. 
Fortunately,  a  colloid  engine  can  he  Curved  off  for  the  required  tine  by 
reducing  the  voltage  by  about  23Z.  Thla  allown  a  conventional  TX  power 
supply.  6  hv  for  avanpla.  la  aeries  with  a  rapidly  OH -OFT  cycled  2~kv 
supply.  The  2-trv  supply  would  use  a  node rat sly  high  frequency,  square- 
wave  bridge  rectifier  circuit  so  that  e  snail  filtering  output  capacity 
would  be  needed.  The  voltage  would  be  dropped  Co  taro  by  atopplag  the 
square  wave  Input  to  the  step  up  transformer  and  firing  a  string  of  aerlaa 
high- 'voltage  SCX's  across  the  output  to  discharge  the  filter  capacity, 
daergy  loss  due  to  stored  magnetic  flux  la  the  transformer  caa  ha  all elnat  d 
by  starting  and  atopplag  the  square-wave  drive  la  the  middle  of  Ite 
conduction  ported.  The  energy  loot  la  discharging  a  2300  pf  f i  taring 
capacitor  (approximately  1Z  ripple  at  1  he  and  1  aa)  from  2  k»  la  only 
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*  ullljowlaa  mmi  la  M«llsl%la  *****  gratia*  at  lam  r*f*>€itia»  rata* 

Mia  If  bacauaa  of  <-%•  Lao  «sU««t.  TVra  m  rWactarlat  Lea  mmt  a 

.-vatrol  *»rl**  !W  OB  t  iM  udLg^t  fe*  wms4  t*  li|r»t  :ba  tmllm&A  aa»1aa'a 
or* ratio*  j*4  aff lcita&cT .  fc*t  atWrvlaa  tba  '***.lat i t ,  — rrrral,  frrr',l*« 
for  varylag  l*a»t  coaefltlcwue,  ate.,  *ra  taaaari laaal . 
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K.X  SIXL/  IkXUM.  SLIT 

Mt<rk  *ccs»jell*h<*d  o«  ths  slngl*  ilU  sod»l«  tSu*  year  mm  &  direeS 
cent  Imist  Ice  of  work  dcoa  on  the  1W7  ptsgra®.  (Xtly  sis  nau*  W4  A«t>d®  with 
ths  *xiui«,  md  work  w  euaptnided  !.a  July.  7Ws*&  r*rt#  totals  340  Wxre 
operating  1 5»s,  th®  louy.sat  bains  140  Nsv.ts  , 

A  gignlf leant  tschaoioglail  a4/snes  mi  atfeSa'sed  by  the  s*»sa,.  fey  Sfee 
fliat  t laa,  a*  »iit  edges  of  pl«tioia»  -  20X  irtdLlaa  alloy,  £  ssrwbaiaose# 
with  aacn  jrssisr  aochinabiilty  the*  p«  plat  loan.  Hume  o?  th*  till  fafcri* 
catiots  oroblvcs  wars  greatly  reduced  i»y  tbit  step,  (rear  50  Weis  of 
running  t la*  dwDsrtntfrj  lia  rasiatmxa  to  aiactrachaKlcal  imlae. 

The  highs  ot  thrust  density  acisiawed  fro®  e  tilt  gaoootry  this  year  cm* 
f io«  a  single  slit  ros  -  60  . lb  / u>.h  et  1700  asaweoiio  ta*i  7<fc  efficiency. 

TMi  Is  probably  «  good  uppas  llalt  for  present  technology ,  althcagb  big bar 
thrusts  haw  been  acbis-rsd  .  Tfr®  60  ylb/iacb  osotmr  «M  obt-aioad  for  4  hours 
of  relatively  trouble  fra«  operstioo.  During  the  -smm  nsa,  the  nodal*  tm 
for  40  hours  «C  40  nib/ inch  and  1650-eoeood  I 

*y 

Thrusts  r  sport  ad  hsrs  and  elsewhere  la  this  section  are  secorrectsd  for 
baas  dlvsrgsnc*  and  energy  lot  ,  a  correct  low  of  9- LOT . 

At  th*  beginning  of  tbs  pryrae,  tbs  llnsar  slit  g soastry  (UK)  sf fort 
was  f  scad  with  thraa  basic  problaaa  to  osar  cons.  Thaos  tuti 

1)  Excessive  bsaa  divergence .  Tha  LSC  no raa  1  iy  runs  at  about  20*  half- 
an(l*  bsaa  apraad.  This  la  af'-ut  twice  tha  dasirad  goal.  A  half -on*  Is  of 
10*  aaa  obis  read  ones,  but  waa  never  repeated. 

2)  High  sou  -*  voltage.  Toltaga  ra^aira— to  sura  still  oa  tha  ordar 
of  15  kv  for  this  gecnecry.  Me  say  boa  bsaa  fsaod  to  salsa  this  problaai 
otbar  than  adequate  high  soltaga  power  coe  Alt  losing. 

3)  Low  thrust  ianaiiy.  While  tha  LX  baa  y  is  Id  ad  a  sach  higher  throat 
density  than  tha  standard  needle,  the  goal  of  obtalalag  a  reliable  100  ulb/ 
Inch  baa  not  bean  realised. 

During  tha  early  part  of  the  year  another  probieel  developed.  Tha 
•xtrsaaly  fine  to’*rotc*s  oo  tha  silt  edges,  and  tha  softness  of  the  platl- 
ouo,  node  tha  fabrics Clou  of  now  silts  and  the  roflniahlng  of  old  silts  an 
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axtrsvcsiy  «.(;iculc  procoss.  The  prc-blcm  was  alleviated  iwwriwt  by  cH# 
plat  Iridium  slit  odg*,  but  no  truly  tTviematir.  fabrication  techniques 
Bvr»  ewr  »erk.*d  out  ■  Sews  attempts  war*  made  »!.~ag  this  1  lam  with  the 
double  «IiE,  ss-x i  these  tn  dlscuaaad  1a  Section  12.1.  All  of  the  aforamam 
£ Ur**£  problems  require  firebar  solatia®  before  LSC  flight  avatarne  cm  b« 
seriously  yropoead . 

12.2.1  *uo  6812-04;  Low  3aaa  5?r 

ffers  beuao  la  December  of  1964  abac  lb*  lie (2 a  pile  module  was  its  ia 
tbc  CHA  cast  station  to  datsrsiiaa  tba  affects  of  varying  da  f lac  tor  gee— try . 
The  ooniasi  daf  lector  sat  ting  on  tba  siagla  slit  bad  be.-,  la  tb-»  ya.t, 
*Q.QiO  loch  e@  aithar  sida  of  the  slit  adge  sad  0.025  inch  in  front  of  it. 
Far  this  ram*  tba  dof lectors  aara  sat  sc  *0.017  lack  on  aitbar  sida  of  etas 
2ii £  adpa,  sad  0.007  inch  la  frost  of  it. 

Th*  silt  a«a  no  for  approximately  2  boars,  at  a  aat  faad  pressure  of 
2  iocJbas  of  Bg  sad  a  voltage  of  14  kv.  tba  deflectors  aara  aat  at  2.5  kw 
and  6  kv,  to  compensate  for  a  throat  woe tor  error,  tba  raaaoo  for  the 
error  aaa  apparent.  After  the  ran,  tba  Lateral  deflector  dlapLacaneota 
war*  measured  again  and  found  to  be  0.021  inch  and  0.012  inch.  Tba  drain 
evurrant  to  extractor  and  both  deflectors  as*  negligible.  Dear  tba  duration 
of  this  run,  tba  baas  torrent  ranged  from  60  to  70  microamperes  currant . 

Tba  extractor  vultagn  ana  varied  between  -1  ke  and  -3  ke.  and  the  effect  of 
this  variation  on  performance  man  not  noticeable.  Tba  lb rue .  efficiency 
aaa  652;  specific  impulse  mi  2,000  aocoods;  thrust  was  10-13  ulcropouod* : 
mass  flow  rata  aaa  2.6  Co  3.0  nlcrograns/ancord;  sad  average  Q/M  was  20,000 
to  26,000  c/kg. 

Tba  l^crtant  resale  obtained  hare  aaa  that  placing  tba  deflector 
electrodes  closer  together  apparently  baa  tbs  affect  of  narrowing  tba  bean 
spread,  Tba  nominal  half  width  jf  tba  beam  mm  observed  to  b*  about  10*, 
and  90S  of  tba  currant  fall  with  la  these  limits.  The  total  base  spread 
mam  about  a  third  of  that  idiich  bad  bean  observed  previously.  These  are 
ail  rough  measurements  based  an  visual  observation* . 


12.1.2  ”uo  6412-07;  142  Sour*  at  2000  aacoads  I 

- 1 -  ap 

tan  6412-07  maa  made  using  cbm  aama  slit  that  was  used  for  several 

extended  runs.  Tba  plscemaat  nod  positioning  of  the  silt  edge  relative  to 
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the  deflector  electrode*  os-tractor  frdge  were  t»  pr  ec  lew* 1  y  M«d .  The 
test  w«®  sgala  nid  la  the  CSA  ryet,  :  wit  ft  a  foorlswetal  1.3  a  4  f  sot  cMcr. 
Several  addle  lone  were  aede  Co  y  rovl.!a  •  ihet dow*  c***kl]  tty  la  case  •(  »w» 
current  operatic®,  As  lutnMt 'c  ?  *«d  pressure  peagbach  cyst  eat  activated  by 
a  Mositive  overc-yrreot  relay  prevented  f'eid  fret  rtontinf  oat  the  electrode* 
lo  ceeo  ea  arc  or  sudden  curreat  «<irg«  self. rated  the  ovwrtarreaC  relay.  During 
the  run,  the  sill  performed  verv  well  vfrh  so  degradation  except  daring  the 
leet  fee*  hours  when  the  «Ut  gtcldear  *•  i ;  y  ,~ii  xaac  #w*.z'k6 ,  that  Claes  *■ 
abstraction  lo  rSc  y!ataat  sfe.  *'■  had  repel  fed  a*  iser«sa*8  4* 

pr**s*«»r*  h'u*  4.3  so  U  inch**  of  Sg  gave  ay,  9*r  twsivst  hoy.ee  aanttsemsK  1  y , 
Hr  *ltt  raa  at  1  it***  le«  a***:*  flow,  Iftr  yrwrfes.f  produced  nnrasalvo 

been  apraed  f*@C*  *e  f.c  •*•■?  -*’3“  during  tiw  previous  130  hows), 

%ith  resulting  bees  lspttfKyst  os  the  deflection  electrode,  atraetor,  std 
ground!  place.  Poet -opera tiv*  inspect loo  revealed  tar  torsades  along  the 
•sitting  edge  of  the  It.  It  mi  felt  that  this  tar  foraed  during  tbs 
period  of  excessive  bee*  spread.  Tfia  allt  had,  until  that  flaw,  operated 
very  smoothly  ami  with  a  relation  ivarro*  bees.  After  lh«  period  of  overfeed, 
the  beam  spread  res*  1  n«d  h50°  ,  «i  at  reduced  a.  The  feed  plmsam  eye  fooetd 
to  have  been  plugged  with  a  gei-Pk*  aatevlal  (sa  yet  as  Identified,  bet 
possibly  a il leers*  grease)  and  fine  fibers.  It  ear.  this  aatstrlal  that  gave  way 
during  the  period  of  increased  feed,  resulting  in  the  overfeed. 

During  the  run  ti»e  el It  eec  operated  at  16  kv,  the  deflector  electrode* 
at  6  kv,  and  the  extractor  at  -1  kv.  Except  for  the  period  of  overfeed. 

Che  I use  kept  above  2000  oecooda.  The  slit  eaa  operating  etaadlly  at  the 
fairly  high  throat  level  of  23  ulb/lnch  f rose  the  19th  to  the  lOOth  Ooecr. 

la  sore  detail:  The  first  10  hours  wars  ran  with  1.2  ’the*  of  Ag  feed 
pressure.  At  this  pressure  the  curreat  sees  AO  +A  psap.  The  throat  was 
approxlaataly  6.2  yib  <8.3  ylb/in);  the  efficiency  soa  *31 ,  aad  the  A 
averaged  1.23  ugWsec.  During  the  first  3  days  of  oparstloa.  the  slit  west 
Idled  overnight  at  negative  bead  prr  sure  with  *  13  kv.  The  Idling 

ties  was  not  counted  In  he  total  naming  claw.  After  Idling  overnight, 
the  slit  was  operated  for  8  hours  at  1.3  Inches  and  a  slit  correct  of 
30  uaap.  After  the  last  Idling  period,  at  the  19th  hour ,  feed  pressure  eats 
sec  at  4.3  Inches  of  Hg  sod  left  at  that  p  rare  sure  until  ths  123th  hoer. 
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Ft  cm  the  19th  to  the  100th  hour,  th«  current  rso  steadily  <C  60  .any  *5  wf. 
The  thrust  stayed  at  13  ulb  (23  ulb/in),  i  ~6JT.  «r<4  4  stayed  at  3.6  .gas/eec. 
After  Cbm  1 00th  hex*? ,  Che  (t*4  path  gradually  p  1  ugged  up  ao4  the  cacreot 
dropped  to  36  ..  »*a> .  The  pressure  «m  then  Increased  to  9  Ischee  tad ,  ( our 
hour*  Lfctar,  to  13  lachaa.  The  cerrsot  rstaroed  to  60  weep,  cha  throat  to 
13  ulb,  aad  th«  a  to  3.6  uga/eec  (all  the  vulvas  ,»rev looaly  obtainable  at 

6.3  inches).  Th«  slit  ran  stably  fey  tfwt  reset  inder  of  the  day,  bat  daring  the 
sight  tbs  plug  'vpaoed  up  caul.!^  the  slit  to  crvtrfaod.  by  eorsieg ,  4  had 
liases  tu  1.1  ug*/w«,  «®d  the  beeaa  spread  had  Increased  lmrverslbly  to 
♦TO*. 

iiad  6  filter  been  placed  ie  the  line,  thv  pioblea  of  <rrerf*od  would  not 
haw  occurred  eed  It  tuiat  likely  that  *00  boars  coaid  hare  boon  attained. 

12.1.3  graft  ho-  6603-02;  PI  at lnun-Irldlua  Slit  Edges 

rh«  single  slit  sodula  tma  re  hoi  It  with  tilt  edges  ede  of  plstloae- 
tOl  i rldlmt.  The  original  extractor  and  copper  nac  daf  lec <-.:re  were  used . 

The  def  lac  tore  ware  set  tt  0.030  inch  oa  aither  aid*  of  the  allt  edges,  aod 

•c  spproxieetaly  the  aaea  height.  The  eodule  was  installed  tn  the  6  loch 
vacuus  r*«tee,  the  main  objective  of  the  run  being  to  teat  the  erosion 
characteristics  of  the  elit  <Mkee. 

fhe  total  naming  ties  was  approximately  30  hours.  During  lea  uoroal 
operating  hours,  the  silt  behaved  extremely  sell.  The  slit  voltage  vas  run 
at  13  kv  or  the  first  13  hoars,  and  16.5  kv  for  th*  Last  15.  There  was  no 
extractor  or  deflector  drain  current. 

Oaring  the  first  half  of  the  rea,  the  slit  voltage  sea  13-3  kv  and  the 

current  was  63  usap.  Feed  pleasure  sea  held  at  just  under  2  lichc*  an!  the 

deflector  voltage  wes  about  6  kv.  Under  these  conditions  the  efficiency  vas 
60  percent;  the  1^  was  1262  sac;  throat  vas  30  ulb/ln;  floe  rata  vea 
10  uga/sec/tn;  and  average  Q/H  vu  9,300  c/kg. 

Caring  the  second  half  the  run  the  allt  voltage  os#  set  up  fc 

16.6  kv,  and  the  fasd  pressure  vea  dropped  to  0.5  inch.  This  held  the  silt 
current  constant  at  65  uanp.  Ail  other  conditions  r ana load  the  asms.  These 
settings  succeeded  In  railing  the  t  to  2200  seconds,  but  the  thrust  vent 
down  to  20  ulb/ la. 


« 
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Dm  module  >u  Mt  to  aero  fr<d  vtmmti  sort  allowed  to  141*  «"*«rai gh t , 

**4  r*»r  «o*t  of  th«  weekend.  At  th*  *o4  of  tit*  w* and ,  *  fall ere  an* 
dlKimrtd  In  tb*  for*  of  a  aaaaira  cerreat  drain  to  bath  1*( laclort.  Vt*m 
th*  aodul*  «m  opened,  there  was  ao  tigs  of  41r*ct  taping*****  to  th*  de¬ 
flectors,  aa4  th*  all'  *dg«a  «MIt  acmawhat  tarrs* ,  ««t*  not  oomrly  damaged. 

Closer  inspection  r«w**l*d  that  th*  lend  oolAar  hood  between  th*  •tain- 
la**  «o4  th*  platinum  part  of  t  k*  alie  bond  h*d  a  re  4*4  two  y  *l*crro— chemically. 
Thia  laft  a  gop  wfatr*  th*  |MltC  spacer  414  not  weal,  and  allowod  prop*  11a*! 
to  l**k  out  th*  *14**  of  th*  nodal*.  Thi*  wo*  th*  probable  caaaa  of  th* 
abort  failure.  A a  a  correct  lew  — ***r*.  tb*  *ro4*4  gap  In  th*  1**4  **14*r 
km  ebon  f Iliad  with  rooxy ,  aa  In  prwwlou*  module*. 

It  w*a  *l*o  fomad  that  th*  pis' low*-- Iridium  allt  <g*e  hod  am 4*4 . 
leering  a  Jagged  M|«  of  1  '2  to  1  oil  rnaghmiaa  Thia  wne  apparently  a 
result  of  arc  daamg*,  tinea  th*  following  run  ahowad  th*  aatarlal  wo*  not 
subject  to  «lectro-cb«olcal  etching. 

12.1.4  *\m  go .  6906-01;  f?  Hours  on  tb*  Wee  Edge* 

The  single  allt  with  piaLinum-lrldiun  edges  we*  ref inlabod.  Tb*  de¬ 
flators  wsre  eat  at  0.027  Inch  oo  either  aid*  of  th*  allt  canter,  *nJ  0.010 
Inch  In  £  voce  of  th*  allt.  With  tb*a«  few  change*  a*  allt  nodal*  wee 
reinstalled  In  the  6  Inch  ear.uun  rystan  tr  ran  another  erosion  test  on  tb* 

•lit  «drf*a. 

Tj*  performance  of  th*  allt  «wj  excel  lent .  Ac  least  a  on*  of  tb*  lap  ru  re  - 
■eat  can  be  ascribed  to  th*  rtpoe  1  c lonlng  of  th*  deflectors.  It  *•*  also 
noted  f list  th*  slit  edge  radius  was  i rnea eti e r  larger  than  usual  -  on  th*  order 
of  172  *11.  Figure  62  1*  a  photomicrograph  of  the  edge*  of  *  similar  allt, 
with  a  human  heir  aero**  the  field  of  slew  for  t:*p  irleo* .  Th*  hair  la 
0.30*  Inch  thick. 

Moat  of  th*  run  wee  Mdc  at  lorn  ebraet  mad  high  specific  Impale*,  although 
th*  thrust  v*a  elewuted  toward  the  sod  of  th*  re*.  Table  12-1  is  a  performance 
auamnry  for  tMs  run. 

Th*  first  20  hours  war*  spemt  at  12.5  kw  s ilt  so  1  tag*  amd  0.73  Inch  Hg 
feed  pressure .  (Th*  operating  condition*  «re  glee*  In  column  1.)  Th* 
linear  thrust  density  ei  10  jlb/ln.  Uben  th*  feed  pressure  amd  sol  tag*  weru 
lncrea««d,  a  sail sum  thrust  density  of  53  ulb/la  sue  obtained. 
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*aat  tha  rod  of  tha  t«at,  a  rough  u tut ■  —  nr  of  tha  i««i  prof  11*  «u 
■uda  with  •  currant  pro ho  which  coaid  aowa  laterally  with  raapact  to  tha 
kite.  Tha  c«nwf  diotrlbotloa  <m  found  to  ba  doubla  paakad,  with  tha 

oc:«rr'..'.g  at  17°  abowa  and  1C  balow  tha  horlsootal.  TSo  lowwr  paah 
had  laaa  currant  daoslty  than  tho  uppar.  Sow  allowaoca  waat  ha  rmi«  for 
tha  fact  that  tha  pwplng  *rwa  was  oc  tha  bott cm  of  tha  taah  and  ca.sr  tha 
proha,  hat  thasa  atMurtawte  L&dicsta  a  largar  baaa  apraad  than  has  haaa 
ohaarwad  wia-ally.  Tha  currant  density  at  rare  d^g-raa  *aa  practically 
oagligibia. 


FI  jura  62.  Photoalciograph  of  Hunan  Hair  Parpaodlcu’ 
to  Llnaar  Slit  (Approxiaataly  30  x) 
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Tab la  12.1  Single  Silt 


•**-01 


s  , 


Tim*  (hr) 

21.5 

23 

24 

63 

50 

52 

Voltage  (kv) 

:  2.6 

13 

13.2 

13.6 

16.  • 

16 

Feed  Pressure  (la.) 

0.73 

0.75 

0.75 

0.7 

1.5 

2.7 

Current  (uaap) 

70 

106 

S3 

75 

120 

ISO 

Thrust  (ulb) 

f 

12.5 

11 

f.3 

IS. 7 

31.7 

Flow  late  (ugn/aec) 

1.6 

1.7 

1.7 

1.6 

3.0 

6.0 

Efficiency  (t>* 

60 

56 

66 

61 

61 

3S 

Specific  Impulse  (sec) 

2640 

3270 

2»70 

2W0 

2860 

2120 

Q/h  (c/k*a) 

45,000 

60,000 

50,000 

52,000 

61,000 

27,000 

* Hunter  Beta  Efficiency 

12.1.5  tun  bbi^-Ol;  High  Thruat  Penalties 

Id  July,  tha  alalia  allt  module  uea  Instilled  la  the  4  fa«t  a  9  feet 
caak  for  a  Ufa  taat.  Tha  taac  was  not  completed  because  of  -csceaaive  4e- 
f  factor  drain,  resulting  froa  an  attempt  Co  ran  ac  elevated  pat  foraaaca. 

This  allt  wrn a  given  a  slightly  round  ad  «dge  (0.001  loch  radii**)  si  oca 
pr*riou»  raaulta  indicated  a  performance  laprn isaaat  by  chi*  aaaaa.  Tha 
daf l#ctor*  vara  poaitlonad  nominally  0.023  Inch  oa  althar  r Ida  of  tha  silt 
adga,  and  tha  edge  was  0.033  Inch  bahlnd  tha  plan*  of  tha  deflector  ad  gw* . 
Tha  edge*  war*  of  ft  -  20X  Ir. 

Thl*  ran  I  salad  about  40  hours,  mat  of  efelch  was  spent  at  aa  elevated 
thra.-Jt  level.  Tha  average  thrust  level  for  tha  ran  m  40  wlb/la  at  aa  I 

*V 

of  1650  aacoods  and  701  baaa  efficiency.  Tha  highest  thrust  level  achieved 
was  60  ulb/ln  or  37  ulb  at  1700  saconcLi  and  aa  efficiency  of  70Z.  Faad 
pressure  wae  kept  at  2.5  lnchse,  slit  voltage  16.3  kr,  e* tractor  voltage  -1 
kw  and  daflactor  so  It  agae  5  hr.  Tha  extractor  current  mas  laaa  Chan  a 
alcroaapare,  and  tha  n  uadi  a  current  (as  nominally  SO  11  sap . 

Deflector  breakdown  occurred  quli_  early,  abami.  10  hour*  Into  the  rua. 
It  bacaaa  a  sarloua  problem  after  about  35  hour*,  and  at  40  hour*  caused  tha 
run  to  ha  terminated.  Tt<e  ambient  pressure  in  tha  chamber  during  this  break 
down  period  was  batwnen  2  x  10  and  3  x  10~^  ton:..  The  characterise  lc 
problea  here  is  the  difficulty  of  finding  a  deflector  spacing  large  enough 
to  p rerun t  breakdown  to  tha  slit,  yet  snail  enough  to  provide  effective 
focusing  and  reduce  baaa  divergence. 


I  • 


- !  » 
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12.1.6  tun  69-Q7-CA;  Atteepted  Endurance  t-um 


The  eiagia  slit  crdule  bis  reinstalled  la  eho  *  f«et  x  •  fe.t*  tank  fe 
a  second  cry  for  an  endurance  na.  The  goal  was  300  hour*.  The  cmc  was 
automatically  sSsut  off  after  73  hours.  Th«  shutdown  occurred  at  Midnight, 
and  the  exact  causa  is  not  known.  Cither  a  bad  vacuus  or  a  control  power 
relay  failure  is  suspected. 

The  deflector— to-slit  spacing  was  increased  to  ''.'135  inch  oi  either 
olds  for  this  run.  The  silt  edges  were  again  round  to  about  0.031  Inch 
radius.  All  other  gecssatry  was  Identical  to  that  of  the  prevloua  run. 

T^oalaa,  operating  conditions  for  this  run  were  a  feed  praseure  of  3 
inches,  slit  voltage  of  18  kv,  extractor  voltage  of  -1  kv,  and  d jf lector 
voltage  of  3  kv.  For  these  conditions,  the  slit  ran  with  a  cun  at  of  45~:  1 
uasp.  Thrust  was  noainally  12  -jibs  it  u  1  of  2,000  seconds  f.  ;d  a  baas 

Bp 

efficiency  of  SOX. 

The  run  started  at  s  lower  feed  pressure,  l.S  Inch,  and  a  higher  thru,  t, 

13  ulbs  and  1700-second  T  .  After  6  hours  the  Module  wee  turned  off, 

■P 

allowed  to  idle  over  a  weekend,  aad  restarted  on  Monday.  The  rroalndar  of 
the  run  sew  a  gradually  decreasing  thrust.  This  may  not  have  be  e  signifi 
cant.  On  the  eve  of  the  last  day,  the  feed  pressure  was  increacnd  by  1/2 
inch  and  core  current  was  applied  to  the  module  heater.  This  say  have 
given  rise  to  failure  through  overprvsxura  in  the  vacuus  tank,  n  the  flow 
rate  increase*.!.  The  general  tendency  before  that  tlse  was  toward  decreasing 
naca  flow  end  higher  q/n,  as  the  fswd  pressure  wes  held  constant  at  3  inches. 

At  this  tins,  linear  slit  tasks  were  discontinued  in  order  to  concentrate 
ca  the  promising  aspects  of  annular  slit  development  to  be  diseased  in 
Section  12.3. 

12.2  DOUBLE  SLIT  MODULE 

At  the  beginning  of  the  year,  one  of  the  basic  problems  facing  the 
program  wan  hew  to  Modularize  the  LSG.  A  feasibility  demonstration  of  the 
aultlpla  linear  slit  Module  was  dramatically  accomplished  with  the  first 
testing  of  the  double  slit  module  in  February. 
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The  fabrication  of  this  alit  m* .  fa  ltaalf,  a  ilge!f leant  terbno- 
loglcxl  *c  h  1  reossant .  entailing  a  difficult  flow  lnmunca  Meek  batiMi 
tba  cmi  alien,  generally  close  nechlalag  tolerances,  «a 4  a  mt  difficult 
aacch  of  the  |«oMtrlM  of  tha  two  Mti  of  met  lag  edge*.  Thana  femldahla 
tasks  exposed  several  difficult  fabrication  prc-blaaw,  mk!  prcnrldadl  cnneldar- 
abl®  Insight  Into  their  possible  solution.  Beyond  cl. la,  the  mr'i 
operating  experience  oc  the  double  alit  nodule  has  d«fla?t«ly  pro  wa  eke 
banic  concept.  is  general,  na i  f  ~  r  im  hi  ii  characterise  lee  were  ur changed  by 
proxiadty  and  rmlo*d  aiallar  to  <no ee  of  the  *  lot, la  alit  Tha  cat 
except ioc  wax  Incraaaad  difficult;  la  guarding  against  return  al act roan 
iua  to  tha  decraaaa  in  ex tree  tor  area  surrcMdlng  the  alit  a.  This  «u 
aucceaafull;  acco— odated  by  raising  the  retractor  voltage. 

The  pro 6 leu  areas  of  the  doubla  alit  nodule  include  all  those  aantloovd 
for  t>a  sing! alit  In  the  last  sect  l jo.  In  addition,  two  other  profelan* 
are  «on»  bcthersoM  for  the  double  alit  than  for  t he  single  alit: 

!)  Tar  fomatloa.  The  buildup  of  tar,  crystals  and  gelled  propellant 
May  becowa  extraanly  heary  on  the  alit  edge*,  especial  1;  during 
erratic  operation.  This  atrongly  auggeeta  <w  o-ravab— dunce  of 
backs traaalng  electrons  fron  tha  exhaust  plaaaa  to  tha  alit  edge*, 
cat  red  pe  rhapa  by  an  Inconpletaly  effect  leu  nogatleu  blaa. 

2}  Breakdown  barweeu  alit  edge  sad  deflectcr.  Possibly  Initiates*  by 
the  aana  hacks -  reaming  electron  phuaonenon.  this  breakAs**")  preplan 
na;  aleo  be  a  function  of  the  nee  electrode  daalga  newd  :*  tha 

nodule. 

The  oewr*  i  I  design  of  tha  aodule  la  shown  in  figures  6  3  sod  fed. 

The  sllc  ■  pacing  wan  chosen  Co  be  3/8-lnch.  luofat  ae  fabrication  ie 
concerned,  It  la  fait  that  the  slits  mt  be  packed,  u  cl;ea  together  mm 
l/4-lt»ck  separation.  Both  -'1  its  are  fed  frnei  a  cunaiua  prreallant  ylecaan. 

A  ccM>ruaa lc/<  set  icrew  acta  froe-  a  coaaaon  poke  to  apply  a  force  against 
the  slit  blades  sufficient  tj  keep  then  sealed 

Because  of  It*  si^jlicity  sad  aaaa  of  fabrication,  a  aev  deflector 
electrode  design  was  triad  on  this  nodule.  The  deflectors  were  20—ell 
turageteu  rod*.  1.  rid  In  place  on  either  side  of  the  alit  edg**a  by  "wo 
arylsr  loaulstloo  bars .  Theea  bar*  can  be  seen  an  elrber  end  of  tha  alit 
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epmmlait*  at  tba  rMt  of  the  aatteetor  pl**te  (rtgwrm  **< )  ■  The  4m*  i|* 
»nr**4  smite  nccMt f  ul ,  «««ft  f  or  tba  wcitfrMiii  of  (ho  amaal  prwblma 
•  f  4afli»ctor-t»-allt  high  wo  1  tape  krwekdoew. 

12.2.1  fabrlcatiwi  Tocbrlguae 

Sana  t  Um  waa  i^tt  am  thla  me  dm  1m  la  ta  effort  to  d*wsiop  anew  tmlfotm 
staaaUrda  for  f  la  lab  lot  si  it  ad  fee.  TVi  paint  ame  ramcbrnd  La  slit  irwm  Lep- 
•at  wfeera  fabrication  ^riKafitru  war*  becoming  a  rwl  problem.  Mr  tmiy 
repeatable  method#  twrra  wmsrymd  afcaraby  a  at i form  nrfga  may  be  part  o*  a  alit, 
sad  that  procaaa  of  fin  lab  log  a  silt  edge  la  atlll  coat i  *  «ed  t law  rnaaaaaim 
A  number  of  werlad  cacha l^was  bars;  been  triad  la  aa  attract  to  rT a t amt tin 
tba  prtxaaa. 

Th*  first  tocbalju*  triad  wee  ihm  asm  of  sracialon  aacfeiae  willing, 
fifwra  6 1  thrrvm  the  f  ixtura  that  was  »,*r^6 lad.  Two  dowel  pine  war*  need 
to  align  a  slit  blade  with  respect  to  a  car* fully  poeitlomed  al»iat«awa  Sleek. 
This  block  was  thee  to  be  precise.?  eligswd  trltb  respect  to  a  modified  pre¬ 
cision  «-id  mi*,  which  would  th*»  mecisii**  in*  proper  bemel  satis  at  ttee  blade 
edge.  This  attempt  failed.  and.  the  r*sso»a  for  the  fail oro  srs  t to 
b*  twofold.  flrat.  the  j'iatioJjm  cm  th*»  alit  edge*  la  too  etiff  tw  b*  rnmmiif 
mecbloeabia,  This  alfflCult-T  la  c-mpoumded  by  the  fa<ct  rhei  'he  tool  wme 
f oread  to  each low  atatnias.a  »'**1  s  lead  t  amaoea  l »  m-ith  zhm  yiatiisaB.  Ttm 
reewlt  wma  am  apparent  dul.VJ.af  or  foul  lag  of  ib*  tool,  «a«  the  * la?  Usa  * 
tarwied  to  "tear  out"  rather  thsw  3*- ala*  w-ctMr,  These  d  If  f  leal*  ia«  cm 
be  coaawhar  alleviated  br  owing  a  plat  Inter- 1 rid !<«  *dj»,  and  !*•  ( lading  s 
ws ry  ro  k«sp  Cbe  toot  off  the  stainless.  and  only  00  the  pi*,*,  -.oam- 

The  aocood  caiaM  for  fsilwTS  we*  appaioatli’  taai  a  10°  sag la  La  too 
aaxr-'V  to  try  to  cut  *  edge.  Cy  to  t»ir,  *  accarata  Hamrmaatc  have 

bemm  wit  of  the  alit  angle  Tisha  si  ths  -=4gc-  Judging  from  tbe  ramsits 
b*rd.  It  maasae  yroh*»4ir  thme  prarwicag  al'ta  bawa  bad  laa  aoaaakat  grafter 

thee  10’  right  #t  fb*  #4f= .  lac  res-;  fag  fa*  Iscal  mmy  am  air  fa&ticjatiom 

proemdwrma*  s»d  oar  r*ea  lamrors  we^m  fotr^wiag  wwadiit .  ewiag  to  lama  local 
fiaid  diwergatsca . 

12.1.2  laltlal  YViala 

Two  preliminary  rass  warm  mad a  la  the  i  Lack  C5A  Toat  Stattoa,  for 
pwrpooaa  of  obaarmatloe  rod  yral Lalaary  parforaauaca  awmlaatlom. 
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The  first  rvd  was  abort*  J  by  sxcsselae  arcing  Wtw 
astrsctar,  uhUh  was  f « 1 C  to  be  du*  aeialy  to  poor  attractor  ieeig*.  Uur t, 
propeiisnt  Leakage  out  the  sides  of  the  tilt*  ««  emW  by  *  pmt 
***1.  This  aodul#  mm  harder  to  seal  thaa  the  ol4  single  lilt  —dels.  The 
problea  wan  corrected  by  uaing  •  slightly  thicker  sael . 


Fleur*  65.  Silt  Had*  Shaping  Fixture 

Th*  second  rue  was  successful.  The  aodul*  M*a  operated  for  eboat  4  hoax*, 
sc  «  feed  pressure  of  1  Inch**  of  Hg  u>4  a  *llt  woitage  of  16  kw.  Tha 
d*f lactor*  mr«  haid  *t  ocminslly  7  kw ,  with  a  J-fce  dlffaraotial  to  coapen- 
Mt*  for  a  thrust  rector  error.  The  total  slit  current  wan  7*7  ..My . 

The  baas  yactaro  was  obeanred  and  fosod  to  ba  wary  P toiler  to  that  of 
a  sing!*  silt,  The  baaa  spread  was  +25*.  Tha  collector  glow  we*  slightly 
darker  Id  tha  middle,  wsre  lstanaa  sbowa  and  below,  corrxepoedlrg  to  Mils  slow 
frees  the  top  and  bc-toei  edges  of  tha  silts.  Tha  collector  correal  eaa 
sapoth,  ;joat  a*  foi  tha  single  silt,  sod  the  *rc lag  probles  had  diminished 
greatly.  Sows  break*  wo  occurred  Set  was  d-  letters  sad  extractor,  M 
this  could  be  partially  corrected  by  raising  tba  (aagati+e)  extractor 
waltaga  to  increaar  the  pefatiwe  potential  barrier-  Th  Is  pre-wee  tad  electro** 
froa  raining  back  down  into  fie  daf ’,actor~*lit  area  sad  taiiiafUej  'ecer- 
alectroda  dt achat gss .  Thi#  ear  pcvwkbiy  be  farther  corrected  by  ealag 
broader ,  pi*  te- shaped  deflector  elecxrodas*.  Instead  cf  tba  cylindricnJ. 
gaewatry. 
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Figure  bfe  *fes"is»  rK-i  poteatl al  field  rvoeitiag  from  a  ctwitsi  study 
of  ttes  tv ia  L$fc.  The  l Igors  tlK«i  half  a  aits.  the  lower  'aoaMarr  being 
tbv  centerline  of  ayoustry.  The  upper  boundary  la  ale©  a  eywserv  beaedary 
on  **fch  tke  Dorsal  cwwwt;  of  electric  ? laid  v*at are*.  Thus,  the 
botewlary  cM^itUat  ars  such  that  the  configuration  ia  repeated,  as  a 
reflection,  above  the  upper  borasdarir.  Tb*  potential  Held  sap  paint*  out 
the  problem,  which  m®  expert  amend  la  the  ahem  ran,  of  the  lack  of  « 
effective  negatlr*  potential  harrier.  Thla  problem  nti  sot  «ee«t  ia  a  Lai  lav 
computer  studies  of  i.h«  single  ails  where  a  potential  barrier  did  exist. 

The  disappearance  of  the  battier  la  a  result  of  the  close  packing  between 
elite,  sod  the  conaequast  redaction  at  extractor  area. 


Figure  &b,  Potential  Field  for  Double  Slit  Goaf lguratioa 
with  Cylindrical  Deflector  Electrode* 

12.2.3  Hun  6901-0*1;  First  Performance  Data 

The  twin  slit  nodule  wea  installed  in  the  FSC  4  foot  x  9  foot  tank  for 
a  per  foiu*»c®  test.  The  nod  win  ran  nicely  at  noatinal  condition*  for  30  bourn. 
The  run  wee  train* tad  when  excessive  wernth  caused  the  slit  to  flood.  The 
failure  was  attributed  to  irregular  control  of  liquid  nitrogen  la  the  tank 
ahroed*.  There  was  no  Indication  of  sut  failure.  Ia  particular  there  «m 
no  Indication  of  any  leakage  p rob lee  In  the  slit  gasket,  which  had  been 
degrading  earllar  performance. 
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t he  enduls  wea  supplied  with  a  heetar  te  s*rovtd«<  teap«r*e*w«  eseirei  is 
the  relatively  cold  4  foot  a  C  foot  cook  eewirooweet.  Scwr rs  ether  tkaes 
the;:  available  frow  Multl-wwKiU  aodules,  thare  «m  so  data  ess  teaperstwrs 

rera's*  power  iap-st,  so  the  asset  operstin*  E*agNrrs?*?»  wa*  wt  kss3«a. 

The  observed  W**  spread  of  *Ha  eodul*  saw  nsetaalif  +4$*,  s  amt « 
which  'do*  b*«B  character  1st Ic  of  the  tingle  slit  wills  this  deflector  gsaswtsry. 
Ths  deflectors  {still  0.010  loth  tuagstsc  rods?  xenre  aswstsd  *p.CM  ia>eh  m 
either  side  of  the  slit  end  0.025  loch  In  frtmt  of  IS. 

The  scaler  «u  startsd  with  a  feed  or «»wr»  of  2.5  loth  of  Sg,  bat  £&t» 

««s  increased  to  6  laches  aad  aoct  of  the  ran  «u  rich  chic  pressure.  There 
war  a  filter  in  tha  feed  lia*.  The  first  aeveraj.  hours  wt«  rw  with  tb; 
slit  at  15  kv  and  about  60  alcrne&p«r*£.  It  »m  suspected  that  the  wilt 
edges  v®r*  not  wot  uniforsly,  so  tha  high  reitaga  vaa  eH®l  off  for  30 
•acooda  to  allow  the  fluid  we.  scua  to  sbw  outward.  bSwa  turned  hs«St  ?», 
th*  Moduli;  reechird  an  operating  lewl  sf  120  airtasssp^rw*  at  15  kv  («od 
6  inch**  fig  feed  preeeure)  and  rena/ned  sc  that  iere!  for  tkv  rest  of  the 
axperieeot.  TIi*  attractor  was  fur,  at  -1  kv,  with  1.5  rsicroaepere®  current. 

Tne  def iec tc rs  rere  run  at  6  kv,  and  experienced  no  drain  current. 

lu  an  effort  to  induce  tha  deflector  voltage*  u-  follow  tha  slit  voltage 
to  ground  during  a  ti*e-o£-f light  pulse,  a  500-pf  capacitive  coupling 
:o*twm  tha  deflectors  and  tha  el  1 1  mi  Installed.  The  ti*a  constant  of  this 
circuit  vs*  large  anough.  however,  Co  noticeably  distort  ths  tine-nf-f light 
traces.  In  particular,  tha  loo  p«ak  was  smoothed  cut  and  ths  low  specific 
charge  tall  was  stretched  out.  Thus,  tbs  tiws-of -flight  results  obtained 

are  too  low  in  l  and  too  high  in  flow  rata. 

«P 

Tha  indicated  petfernence  of  this  Module  was  sowawhsC  poorer  than 
expected.  Tha  Indicated  I  was  about  1000  seconds,  ths  thrust  60  eicro- 
povsds ,  flow  rats  JO  *dc?osrae»/e*c,  efficiency  652,  sad  average  specific 
charge  4000  c/kg.  The  thrust  level  was  at  least  equal  to  the  periomsace 
of  previous  sin*la  slit  runs,  corresponding  to  about  40  aicropounds/ in. 

12.2.4  tun  Ho.  6904-02;  96-Hour  Endurance  tun 

Tha  twin  slit  sooula  was  installed  in  tha  NIC  4  foot  x  S  foot  tank  for 
an  endurance  run.  Tha  sodula  ran  for  96  hours  before  the  tost  wss  terminated 
due  to  excessive  extractor  and  daflactor  drain,  accoepanlad  by  excessive  arcings 
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mA  dagredad  efficiaeey  ajW  >,  ,  The  we*  <i -at  a  rained  ts  N  »a  over- 

! »«d i ft j  condition  which  flooded  m  of  the  slit*  at  «a  e-srly  a tags,  ©cue® 

23  t»  30  hoars  iato  tfc®  rua.  beearkably ,  th#  elit  recovers*;  fnas  tbi* 

ccwditxa*  ieegporsr  ily ,  eeoegh  so  that  tk*/  ssrrferBaace  stayed  «saijs*l 

{150O-*»c  I  c  CfCS  efficient)  fc?  at  7&aei  73  hour*.  Irreversible  iswmg® 
sp 

wfc*  (terra,  however,  and  the  performance  x>g*5J  to  icsgrnde. 

A  swchtmicel  tisw»-«£~  flight  e«wh  gsp  Reiser  vst«  •*#<*>£  4 1,-.  ring  tfet*  !« r 
replacing  th«  nerssxl  thyrsttcf*  circuit,  so  that  elit  voicag«@  ia  e*e**«  of 
IS  „••  could  be  safely  maintained .  The  elit  oelcege  v**  emiplad  to  *«xEi 
deflector  with  *  500-pf  capacitor  ia  series  with  a  0.1  meg  r*8iBf>'r.  This 
circuit  Induced  the  deflectors  to  follow  the  elit  to  *«ro  roiteg*  during 
4  tiw™ef-f lijjht  pulse.  The  oecillpecope  collector  curtwat  trace*  ehc wad 
no  evidence  of  distortion  due  to  thie  arraagewont. 

Tor  this  run,  the  deflector*  were  a&da  of  0.035  inch  x  0.020  loch 
eCalnleae  utock,  cold  relied  fro*  0.030  lath  stainless  rod  end  finished 
to  e  round  edge.  The  deflectors  wan  * paced  0.020  Inch  on  either  side 
of  the  eiite  end  0.005  inch  front  of  the  elit.  It  use  expected  that  thie 
geometry  might  Improve  the  uniformity  at  the  extraction  field.  Mo  lop rove- 
■not  in  performance  wee  seen,  however.  In  fact,  the  performance  wee 
hampered  by  this  deflector  design,  If  anything. 

The  elit  voltage  wee  run  at  15  kw  nominal,  although  some  attempt  wee 
mad*  to  very  this  condition,  watching  the  affects.  The  extractor  wee  run 
at  -1  kv,  and  tna  daf factors  were  run  at  ebout  +6  kv.  The  total  power  input 
to  the  slit  ranged  between  1.5  and  3  watts.  The  sxtzsrtur  and  dsflmctor 
currants  were  erratic,  but  reasonably  low  for  the  first  70  hours.  After 
70  hours,  a  sharp  change  took  place  In  the  drain  current  density,  accompanied 
by  an  Increase  in  deflector  sres.  Shortly  thereafter,  performance  began  to 
degrade. 

Figures  67  thro  -*»>  73  •umearixs  the  performance  throughout  the  nan. 

The  efficiency  wee  feirly  constant  at  »bovt  60X. 

The  nominal  beam  spraad  was  estimated  at  +20*  throughout  the  run,  though 
it  datarloratad  at  the  laat  up  to  +45V  At  25  hours,  *  feed  pressure  riee 
flooded  the  silt  end  ultimately  contributed  to  Its  fail.ure.  Another 
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f  *  '  r  rr  '  i',.»  contribute!  to  t*  »  .'iliutr  v4  (  a  rtUt  I««  W  large 

•  Tr-rf^ct!  •  on  .--.a  of  the  *I»t  edges.  This  irct  jegan  to  glow  var v  early 
In  the  '.a,  ar.J  particular  silt  It  was  on  behaved  wri«  than  the  ether 

all  :> rough  toe  r  n.  host  of  ths  drain  curtent  vent  to  ths  deflectors, 
ari  a  fear  the  run  ait  over  tha  deflectors  wr»  found  to  ba  encrusted  with 
salt.  There  was  also  a  heavy  buildup  of  tar  on  the  slat  edges-  Figure 

»"ve  the  eate  .t  of  the  damage  to  tna  deflectors  and  extractor,  and 
figure  75  ahovi  the  allt  aftar  the  ran,  after  the  extractor  vaa  retooved- 
Tvere  vaa  no  *•  dence  of  any  leakage  from  tha  ticket  or  any  breakdown  at  the 
deflector  holdore.  The  aide*  of  the  module  were  clean. 

T  ie  salt  encruatat  i  jrta  on  the  electrode*  were  evidence  of  direct  Im¬ 
pingement  of  fluid.  This  probably  occurred  flrat  during  the  flooding  at 
Tl  hour*,  and  again  toward  the  end  of  the  ruit  when  there  wee  an  unexplained 
rite  in  tha  aasa  flow  rata.  Other  evidence  of  direct  Impingement  on  tha 
dtfl  ctori  at  tha  end  of  the  ru-i  aeera  a  very  high  drain  currenc  and  a  high 
floating  potential  on  the  dcflcclora  when  their  power  auppllaa  ware  turned 
oft. 

The  in*  idea  of  both  tilts  were  Inspected  r.tter  tha  run.  Ihe  atalnleas 
•teel  surface  directly  behind  tha  platlium  edge  was  sharply  etched  In  a 
definite  erosion  pattern.  The  platinum  itsalf  waa  unharmed,  and  ao  was  the 
epoxy  bond  between  the  platinum  and  stainless.  Tna  atchlng  (Figure  76) 
pattern  was  characteristic  of  electrochemical  erosion,  but  also  conformed 
rather  cloaely  to  tha  flow  pattern  of  tha  slit.  This  led  to  the  conjecture 
that  such  erosion  was  Initiated  by  local  nonuniformities  In  the  flow  field, 
or  by  local  Imperfections  on  surfaces. 

12.2.5  Kun  ho.  6905-01;  60-Hour  Fun 

Tha  slit  edges  on  the  module  wave  refinished,  and  tha  deflectors  replaced 
by  0.020-lnch  rods.  These  were  spaced  0.030  Inch  on  either  side  of  the  slit 
centers,  and  about  0.010  Inch  above  tha  allt  edges.  Tha  module  waa  Installed 
In  the  SK  4  foot  x  S  foot  tank  for  an  endurance  test. 

As  in  tha  previous  twin  allt  run,  this  run  failed  by  a  direct  short  from 

a 

slit  to  deflectors,  apparently  Initiated  by  daflactor  Impingement.  Sixty  four 
hours  were  logged  before  tha  experiment  was  turned  off,  although  failure 
occurred  sosm  3  to  4  hours  previously.  By  tha  second  day  there  was 
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Figure  74.  Twin  SI  It  Module  After  96-Hour  Endurance 

Run,  Showing  Dar.age  to  Deflector*  and  Effect*  of  I 

Flooding  on  Extractor  Plate 


Figure  75.  T-in  Slit  Module,  Without  Extractor,  After  • 

96-Hour  Endurance  Run 
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Fljure  7b.  Twin  Silt  Module  After  96-Mour  Endurance 
Run;  Inside  Edge  os'  One  Silt.  Showing 
Erosion  Pattern  In  Stainless 

significant  deflector  drain,  although  none  occurred  the  first  day.  The 
condition  continued  to  deteriorate.  It  la  characteristic  of  the  double 
ellt  module  that  the  deflector  current  above  small  fluctuation*,  even  if  It 
la  nominally  zero.  This  ia  In  contrast  to  single  silt  performance,  vh*»re 
under  optimum  conditions  Che  deflector  current  ts  absolutely  zero. 

The  module  wee  operated  at  1.9-lnchee  net  feed  pressure  through  a 
0.9-mleron  mllllpore  filter.  The  high  voltage  vie  15  lev,  and  the  current 
vae  120  uanp.  Deflector  voltages  were  6  kv,  end  the  beam  wee  very  uniform 
with  *  spread  of  +20*.  A  performance  problem  vea  evident,  however,  since 
the  I  w*e  1320  second*  and  the  efficiency  wee  60  percent.  During  this 
first  pert  of  the  run,  the  thrust  wee  24  ulb/ln,  end  the  flow  rate  vse 
S  ugm/sec/ln.  The  total  thrust  was  38  ulb. 

Later,  In  an  attempt  to  rale*  the  charge-to-maas  ratio,  the  deflector 
voltages  were  dropped  to  5  kv.  This  resulted  In  ha  increased  current,  but 
the  1^  was  lower  yet  —  1285  sec.  The  efficiency  Had  Increased  5  percent, 
and  the  thrust  Increased,  but  the  flow  rate  had  -earl/  doubled. 

-188- 


l  € 


» 


8 


» 


> 


I 


r 


I 


i 


*'  » •  t  ‘■»r '  »»•  **>Je  to  r»f»»  ;  ■ve  I  iv  Increasing  the  alt'  eolrafe 
t  ’  :*•  «»  *‘J  Jr-rrt"4  the  'ecd  pr*eeure  to  i. O-tnch  net.  TMi  failed  ***:*>. 

Tv-  !:.-«  rate  revalued  fat*  t  ant  I  m  1  *  te  •  M ,  but  t  be  I  dr  opped  etlll 

•» 

fur:*-*?  :  •  nr  1  eeeonde. 

’■'m»  r«*';«T  discouraging  r«*<.lt»  ;><*«  *t  least  a  hint  of  a  pattern. 

*'■»  r»*ul:«  w'.t1'  wider  deflector  spacing  shewed  steady  cp« rat  1  on  Put  poor 

performance  il  ■  13X)  seconds).  for  the  last  two  run*.  the  deflector* 

«p 

were  brought  In  closer  to  the  silt.  TM*  resulted  In  an— what  higher  I  , 

ap 

Si.t  a  d  t  spos  1 1  U  n  to  fall  through  excessive  deflector  drain.  Appereorly, 

It  la  desirable  to  nova  the  deflector*  closer  frum  a  perforaanc*  standpoint, 
but  •i.ideslrsblr  from  a  reliability  standpoint. 

I*i erect  Ion  of  the  nodule  after  the  run  showed  that  direct  current  paths 
bad  formed  f rot  the  silt*  to  both  deflector*  through  Jelled  Hal  glycerol 
columns.  There  was  evidence  of  flooding  and  tar  formation  on  the  tilt 
edge*.  Tie  edge*  the—  civet  were  not  da—  ted,  hut  the  eroelon  of  the  stain¬ 
less  steel  faces  Inside  the  tap,  first  seen  In  the  previous  twin  silt  run, 
was  even  .nre  extensive.  It  vas  evident  that  erosion  be a an  at  localised 
spots  on  the  octal,  probably  where  flow  was  stopped  or  Impeded  by  an 
unrelated  mechanism.  Aftar  ercilon  began.  It  propagated  a  fan -like  pattern 
further  and  further  downstream.  So—  of  thee*  patterns  extended  to  the 
boundary  of  the  platinum;  so—  did  not.  All  stages  of  growth  were  observed. 

12.2.6  Run  6QQ6-02 

The  twin  silt  nodulw  — s  placed  In  the  new  4  foot  x  8  foot  vacuus 

charher  with  the  24  inch  vacuum  pump  and  was  run  for  113  hours  at  specific 

Impulse  levels  In  excess  of  1300  seconds.  Performance  was  very  smooth  with 

_x 

practically  no  arcing,  due  partly  to  the  Improved  vacuum  (1  x  10  to 

1.6  x  10  torr)  and  partly  to  impro—nts  In  tho  silt  edges. 

The  nodule  mi  prepared  fot  this  run  with  a  larger  radius,  shout  0.001 
Inch,  on  the. silt  edges.  Wire  rods  —re  used  for  deflectors.  Tho  rod 
dla— ter  was  0.020  Inch.  The  rods  were  placed  0.018  to  0.020  inch  in 
front  of  the  silt  edges,  and  wer*  spaced  0.070  inch  apart.  Tho  module  was 
supplied  with  a  radiative  Hester. 
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T1-  *  *n:lrs  run  wsa  aade  tt  15.2  kv  gilt  voltage.  -1.5  tv  exrrscior 
vo;c.it*,  *nd  5  tv  on  each  of  the  deflectors.  Fliure  77  through  82 
a'.vc  a  t  ia«  M«;cry  of  fh«  varying  run  p^rjoeters .  The  extractor  w.is 
draw. r. g  a  current  of  2.0  to  4.0  etc roawperes  fro*  positive  secondaries. 
There  was  no  readable  deflector  currant  unttl  vary  late  in  th«  run,  at 
about  hour*. 

The  feed  pressure  and  tha  module  heater  we  re  uaed  to  control  tha  flew 
rata.  Vj  temperature  measurement*  ware  available  to  calibrate  tha  affect* 
of  t.-.a  aodula  heater  except  thoae  mad*  on  needle  module*.  Tha  nodule  waa 
prebabiv  running  at  about  rx>a  temperature.  Over  the  first  40  hours,  tne 
flow  rat*  decreased  regularly  until  settling  out  to  about  60X  of  l.« 
initial  value.  At  65  hours,  it  was  Increased  by  increasing  the  heater 
power  and  tha  feed  pressure  slightly.  From  then  on  until  about  94  hours, 

the  module  ran  at  about  1800  seconds  1  and  30  ulb  per  Inch  thruat. 

«P 

As  the  trow  rate  decreased ,  from  tine  xero,  me  average  charge- to-masa 
ratio  went  from  12,000  c/kg  up  to  about  18,000  c/kg.  After  the  mass  flow 
r*.l**J,  decreased  to  shout  15.000. 

At  92  hour*  the  needle  current  suddenly  increased.  Thia  was  during 
an  unattended  weekend  period.  A  few  hours  later,  however,  the  change 
waa  discovered  and  a  15-microampere  drain  current  to  the  top  deflector 
was  observed.  This  was  tha  first  detectad  deflector  drain.  The  situa¬ 
tion  waa  partially  corrected  by  raising  the  upper  deflector  voltage,  thua 
vectoring  the  beam  away  from  it.  Tha  fead  pressure  waa  also  cut  back, 
and  tha  modul*  heater  current  lowered,  causing  a  drop  in  flow  rata.  By 
the  ti=a  110  hours  had  passed,  the  defler’.or  breakdown  had  almost  com¬ 
pletely  healed,  though  occasional  defections  cf  about  1/2  microampere 
were  observed. 

Tha  run  waa  started  at  a  thruat  level  of  about  48  ulb.  Over  the 
first  20  hours,  this  dropped  to  40  ulb  as  tha  mass  flow  rata  dropped. 

These  conditions  were  maintained  until  70  hours,  when  the  original  thruat 
level  waa  reestaollahed.  After  the  deflector  breakdown,  when  tha  flow 
rata  was  cut  back,  tha  thruat  dropped  to  its  lowest  level  of  30  ulb. 

After  recovery  from  tha  breakdown  and  immediately  before  shutdown,  an 
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attest  was  Mil  to  push  th*  thruat  vel  aberew  It*  orlglrai  value  'ey 

1icr*a«lng  tha  feei  prc«iur*.  *"h*  •  1 1 C  voltage  vse  al  :  '  Increased, 

byf  net  eignlf lcantlv.  The  fl  •  "*  rate  was  ilugglsb  la  coslog  op ,  and  the 

sails^ur  t^-'uet  density  achieved  »•••  32  ulb/tnc,h.  Arcing  to  the  retractor 

•tv!  defectors  prevented  g^lng  anv  higher.  ^ 

Post-run  inspection  of  tha  eoduls  a bowed  It  to  be  quit*  clean.  The 
nt  rictnr  was  vary  clean;  the  a  1 1 c  edge*  had  grown  a  few  *alt  crystals, 
but  the  flow  area  vat  rot  obstructed.  TSa  f op  deflector  had  a  this 

coat  of  tar  In  Ctv  vicinity  of  the  breakdown.  ® 

Th*  beaa  iaplngewent  pattern  could  be  seen  clearly  om  the  collector 
and  cold  walla.  Baaed  on  thla  pattern,  the  entire  bees  wee  contained 
within  an  angular  apread  of  +  50*.  Visually,  the  daostst  part  of  the 

ben*  appeared  to  lie  within  the  uaual  +23*  *pr»ad.  I 

12.3  ANNULAR  SLIT 

Work  on  the  annular  alit  geometry  ^ASC)  vea  relnltlatad  late  In 
warch,  after  a  lapa*  of  about  5  sortha.  The  1968  «*>rk  had  be-tn  done 

on  an  old  TRW  dealgn  i V • f .  12-1)  conalatLag  of  a  douhie-edged  annulua  i 

with  an  inner  and  outer  eitractor.  The  results,  while  promising,  were 
not  aufflclent  to  stlaulate  lncraaaed  activity,  and  the  project  was 
dropped . 

TV  ’969  effort  described  hare  waa  initially  alwed  at  a  cursory  | 

Investigation  of  tha  csrabllltle*  of  th#  NASA-Coddard  design  of  th# 
aSC  (Ref.  12-2).  As  the  work  developed,  tha  apparent  potential  for  a 

rewerkablv  high  thruat-hlgh  !  device  with  all  the  Ijepor'aoc  advantage# 

•P 

of  a  n**dl#  uae  aa  something  of  a  revelation. 

I 

By  ald-vaar,  It  waa  apparent  that  high  thrust  denticle#  were  sow 
avatlabla.  Aa  a  sattar  of  ccajrva,  tha  A SC  waa  delivering  thruat 
densities  which  wars  301  higher  than  t.t*  htgbeet  obtainable  with  the 

LS^.  Till*  waa  dona  at  I  of  1500  eac  >nda  or  above,  with  Huntar  beaw 

*P  » 

efficiencies  equivalent  to  that  of  a  newdla,  and  with  not  such  ton 


» 


» 
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spread  th«.,i  a  needle.  Further,  C h#  .jrnlt  vat  »<xto  operated  at 
a  tSrmt  o'  nearly  100  wlh:  w.’ill#  not  tV  highest  thruat  reported, 
iMi  la  th*  hlghaat  w*  know  of  at  1500  second*  I 

■P 

In  view  of  rhea#  successes,  and  In  view  of  the  nature  of  the  diffi¬ 
cult!**  with  t S#  1.50,  step#  »mr#  taaan  nhortly  aft*r  July  t  -  le-ewphaeita 
the  L50  and  accalarat*  work  on  the  ASC . 

Four  problem*  were  recognlgad  a*  being  *rri  or  i*«*  baat  :o  th* 

Afu: 

1)  Uneven  rim  vetting.  Haver  a  concern  In  t 5a  LSC,  this  become* 
Important  her*  where  It  aigrtf  leant  iy  affect*  thruat  vector 
direction.  Th.l*  problem  wa*  aolved  bv  Improved  geometry  and 
fabrication  technlq'i*#. 

2)  Tar  formation.  The  thick  plug  at  the  canter  of  th#  allt  art»d 
aa  a  focua  point  for  energetic  electron*.  Since  It  waa  eaallv 
wet  with  propeilant,  tar  formation  waa  commonly  seen  here. 
Several  partial  aclutlona  were  found  for  thl*  problem. 

1)  Flow  Impedance  matching  wa*  cf  th#  tame  order  of  dlffl-uitv  aa 
In  the  L5G. 

*)  Hearn  *p:*aJ  1*  critically  dependent  on  geometry  and  rim  vetting. 
At  flret  It  vaa  *2C*.  but  It  waa  brought  down  to  *10*  with 
geometry  ‘.mrroveawnt* .  Th  la  tolerance  la  not  aa  reliable  aa 
.*>  a  needle,  sine*  th*  allt  tend*  to  overfeed  more  easily  than 
a  needle. 

Several  algniflcant  technological  advance*  end  allaaton*  achlrve- 
aent  *  contributed  to  the  .ut  lem  of  the**  problem#: 

1/  Improvement*  In  the  center  plug  geometry  resulted  in  reduced 

beam  spread 

2)  Improvements  In  th*  y rope  1 lent  feed  geometry  resulted  In 
unifo rla  wetting. 

1)  le-iarka  ly  high  thruat  denaltlas  were  demonstrated  with  good 
performance,  aa  dcacrlbed  cbove. 

*)  A  unit  vii  eodurance-tastad  for  bOO  hours  - 

5)  A  module  waa  built  and  tested  at  100  ulb  thruat  for  J0O  hours. 

b)  A  unit  waa  thrust  vectored,  using  standard  deflector  electrodes, 
both  la  one  plena  and  In  two  orthogonal  plane*. 


I 


I 

Tha  TU'W  source  la  1/8  iuch  In  dta—tar,  tod  will  tit  In  a  1/A-lnch 
extractor  hoi*.  It  takes  ilttl*  ao*-«  apace  than  a  croveatlcua)  naedl#, 
and  tc  mar  b*  *i*ct  rote  at  lea  1  It  factored  aa  nallr  u  a  tvred’a.  Dva 

basic  gec—trv  la  a  single  emitting  ria  type  allt  with  a  r jacaatrlc  & 

crnterplac#  held  at  jourc#  potential.  The  propellant  f era*  a  aanlacua 
within  tr*  0.002-lnch-wld#  feel  tap  foraad  bv  thee#  two  part*.  Th# 
propeller.*1  J«t»  ar*  drawn  from  the  high  flald  region  <yo  th#  aelttlrtg  ria. 

Platlnun  -101  irldlm  ha*  b*cn  used  on  ti  ealtttag  surfaces.  A  platinise  ^ 

-’.1  lrldlua  allt  rln  bonded  to  th«  a  hank  of  tha  tuba,  and  •  platlom 
-1C1  lrldlua  center  plug  haw*  both  b*«n  Incorporated  Into  tha  ASC . 

One  eight  question  tha  propriety  of  rlaaalfrlng  tha  device  aa  am 
annular  allt.  It  la  actually  a  large  disaster  Media  with  «  plug  la 
tha  hollow  center.  The  purpose  of  the  plug  la  to  provide  capillary 
wetting  action  to  draw  propellant  to  tha  relttlog  ria,  to  increase  flow 
lapedanca,  end  to  prevent  a  ierge  propellant  seniacua  froa  being  »*{k**J 
to  evaporation  and  backlit  rsmlng  electron  bowbardnsat . 

The  original  "annular  allt  geometry"  oc—oc latur*  has  to  ioaa  * 

extent  been  aatabllahed  In  Reference  12-2.  In  am  effort  to  classify 
this  device  separately  fro,  the  conventional  double  wanting  edge. 

Isolated  center  extractor,  annular  allt  geometry,  ocher  nmi  ■  hay*  bean 

considered.  A  acre  daacrlptly*  tera  la  "annular  osadl*  gsomtry."  I 

However,  tha  tera  "annular  allt  geometry"  la  still  ccaaacmly  wasd.  Ia 
this  report  the  r'ferencaa  A SC  and  AJ*C  are  used  Interchangeably . 

The  mission  aechaalsa*  la  the  annular  need  la  gar—  c  ry  (AJK)  have 
not  been  studied  extensively,  but  ar*  fait  to  h*  stellar  to  thorn  la  ^ 

a  saall  dimeter  needle.  A  program  of  alc.cscoplc  study  would  ha 
revealing  In  thl*  reapecc. 

12.J.1  tarly  Trial* 

Three  runs  were  Bade  using  the  annular  allt  based  upon  tha  USA-  ^ 

Goddard  design  (figure  S').  The**  allt*  performed  reasonably  well 
In  the  short  tarn,  producing  at  b«*t  25  ulb,  1713  second*,  sad  54 
percent  Hunter  beaaa  efficiency  lor  1.26  watts  of  power  <11  he  sod 

I 
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*  « -»~r ' .  The  annulus  later  railh  i>rrv*u.;*j  between  23  and  30  ylb  of 
thrust  it  voldse*  varvlr.g  from  14  to  i  ’  kv.  The  *ajor  problem  le  the 
»«f!»  runs  w«  electrolytic  erosion  of  t  So  outer  ititoltM  steel  r  la. 

TV  I  ■  p  rob  *>■  was  ellalruced  when  the  «llr*  vara  ujt  of  platiu^a.  Vnarta 
feed  JUt  '“••.t'.uu  aiorii  rhe  emitting  edge  was'  also  a  problem.  Sow*  of 
thi*  waa  caused  bv  rwn-uri l f or_;  spacing  between  the  Inner  and  outar  parts 
of  the  annulus.  Other  cause.!  tart  unttw  vetting  alon«  t Sa  emitting 
rls  and  the  Influence  of  gravity  on  the  shape  ot  t Sa  atat!'  •». 
uniform  spacing  was  achieved  In  early  design*  bv  machining  a  grooved 
cellar  vtth  a  alightlv  owrilitd  O.D.  The  feed  groove*  panalt  passage 
of  the  propellant  to  tha  evicting  region  bO  alia  above  the  collar 
IfUure  83).  htore  thorough  clianlnc  procedures  evantwally  Improved 
the  vetting. 

fhe  fact  that  electrolytic  erosion  occurred  only  on  the  outeT  edge 
of  the  annulua  Indicated  that  this  edga  v«;r  aa  expected  fro*  the  geo- 
toetrv,  the  aite  of  the  enlttlag  jets.  Tar  formed  In  Che  first  two  rune 
In  the  beveled  hollow  at  the  Cop  of  tha  Inner  place  of  the  annulua . 

Durln »  the  third  tun.  a  higher  negative  bias  <l.a.,  -2000  volte  versus 
-1000  volta)  v«i  used.  Tar  did  not  fore  during  this  run  (which  lasted 
24  hours,  approximately  aa  long  aa  the  other  nmi),  although  propellant 
with  a  brownish  color,  indicating  a  large  amount  of  free  Iodine,  was 
present  In  the  fluid. 

12.3.2  Fabrication  of  the  first  Platlnua  Edges 

When  the  platlnue  tubing  and  rod  needed  to  provide  the  annular  slit 
with  erosion  resistant  edges  were  received,  the  plat  loan  tlpe  were  made 
sod  b rax ad  to  stainless  staal  bod la  with  1ST  HI,  82Z  Au  filler.  Tbs 
platlnue  edges  were  machined  to  tha  required  shape  in  Che  jeweler's 
lathe. 

After  fabrication  was  completed,  tha  slit  was  carefully  cleaned 
to  ensure  good  wetting  by  Che  propellant  to  Improve  capillarity  around 
the  *llt  edge. 
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12.3.3  «yn  *2-1— ii.  tarred  100 

TV  annular  silt  with  platiaim  emitting  edge*  wse  run  for  67. 3  hours 
until  a  leak  la  tha  feed  line  terminated  the  run.  Performance  waa  axe  e  l  - 
lent  eod  tha  platlr-ja  edge*  had  no  .r.dicatlc:.  of  aroalon.  Tha  acnulue 
emitted  around  tha  entire  rla,  Indicating  good  wettlag.  The  relatival? 
high  ef f Iclanctas ,  »  731.  Indicated  uniform  feed  and  capillarity  around 
tha  rla.  Figure  5*  sho».  irr»nl  TOF's  taken  during  the  run. 

Tha  goal  for  thla  run  waa  an  I  of  *  1300  aeecuda,  a  thruat  of 

■  P 

17  ulb,  and  100  hour  a  running  tine.  Tha  I  and  thrust  r.oala  ware 

O 

exceeded  and  the  leak  In  tha  Luerlok  fitting  waa  tha  only  reason  the 
100  hour*  waa  not  attained.  Thera  had  Seen  no  performance  degradation 
during  tha  run  and  tha  aonulua  waa  In  excellent  condition  at  tha  end 
of  tha  run  (l.e.,  no  aroalon  or  Car). 

Tha  flrat  16.3  hour*  of  operation  constated  of  overnight  idling 

at  13.3  kv  on  the  annulus,  -1.5  kw  on  tha  extractor,  0  inch  feed 

pressure,  and  Iq  -  20  i.amp.  After  the  necessary  operating  parameters 

were  determined  next  morning .  l.e. ,  V  “15  kw,  9  «  5.5  inches  of 

a 

Hg,  2  *50  tap,  the  nodule  was  than  operated  for  the  next  V)  hoars  ct 

o 

greater  than  1500  aeconde  I  , greater  than  12.9  ulb,  and  greater  than 
73  percent  Hunter  bean  efficiencies. 

12. 3. A  Experiment!  with  Geometry 

The  TXU  annular  allt  geometry  consists  of  outer  tuba,  0.125  Inch 
0.0.  and  0.086  loch  1.0.,  concentrically  bored.  The  source  edge  la 
beveled  around  the  outside  to  an  angla  of  about  20  degrees.  Figure  8> 

Is  s  1GX  magnified  photograph  of  tha  tip  of  tha  slit. 

During  tha  course  of  this  work,  the  ceuterplece  of  the  slit  under¬ 
went  several  tr ana format Iona  la  geometry.  Careful  experimentation 
demonstrated  that  tha  distance  of  the  centerpiece  behind  tha  outer  rla 
critically  Influenced  tha  bean  profile.  The  silt  In  Figure  85,  an 
early  modal,  had  the  centerpiece  5  to  7  alia  back  of  the  rim.  Thla 
resulted  In  s  eplsyed-out  hollow  beam  with  wide  half-angle.  Tha  center¬ 
piece  was  than  triad  at  various  depths  below  tha  rla  of  the  needle.  It 
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Flrure  85.  Tvplcal  Annular  Slit  Source,  Kagnlfled  10X 

waa  set  at  depthe  of  O.0C5  Inch.  0.007  Inch  and  O.CIO  Inch.  The 
shallowest  a*ttln*  caused  an  excessively  wide  bean  spread.  Tha  Inner 
bean  waa  hollow  ao  that  practically  no  aata  war  being  accelerated 
straight  ahead.  The  affect  of  pulling  tie  centerpiece  back  wsls  to 
focus  the  beaai,  ao  that  at  0  010  Inch  depth.  t!»e  bans  waa  highly 
unlf’""*  through  the  cen'er  aa  obaeraad  visually. 

Tha  extractor  hole  alr.e  for  the  ANC  la  tKaaiaally  0.230  Inch.  A 
real  1  t  hole,  0.190  Inch,  waa  tried  with  no  significant  change  In 
performance.  Extractor  hole  alxe  In  t  needle  nodule  la  0.140  inch, 
and  In  the  LSC  tire  extractor  allt  width  la  0.160  lncn. 

Aon! nelly,  the  annular  needle  la  placed  la  the  extractor  ao  that 
lta  tip  la  lust  even  with  the  Jutet  aurface  of  the  extractor.  Tha 
beam  apread  la  affected  bv  thla  poaltloaing,  and  the  opt laua  need la  tip 
position  f row  a  focusing  standpoint  waa  found  to  be  ipproxiantely  0.03 
Inch  behind  the  extractor  face,  Rowrver,  rh's  positioning  lands  to 
Increased  extractor  drain  and  fllgher  breast*.  probability. 


t 

i 


» 


Swerai  different  ge<*»etrlea  were  t»*t*4  to  tetintM  the  effaet 

of  g<*owetrr  era  other  operating  charactrrlat lea.  <■  mmIm  wt*h  a 
slightly  rr>uo ds»d  emitting  ode#,  C.0C1  loch  tJdlM,  was  triad.  Tw 
operating  voltage  for  (hit  wa*  prohibitively  high,  shove  15  Cv .  TNe 
l*owCrr  oloo  produced  excessive  beau  •-'•■rod.  A  sharp  alttU|  •  d*e 
with  a  n*rrow  bevel  around  th«  outside  of  the  rim  >tj4»c»4  a  rwoe-ther 
current  sod  a  higher  thrust  at  a  1  owe r  voltage  '12-13  kv) . 

Tho  centerpiece  cf  the  earliest  ASC  consisted  of  a  straight  mg, 
0.0965  Inch  la  diameter.  with  th«  topmev't  C.ObO  lach  turned  down  to  a 
dlaaet«r  of  0.061  lach.  leaving  a  0.0C2  lach  food  gap  Wraaaa  the  cswrter- 
plece  and  outer  tube,  four  rectangular  food  slots  rac  the  length  . f  the 
centerpiece,  up  to  the  feed  gap.  This  design  had  two  oorloue  drawbacks. 
The  rectangular  feed  channels  were  difficult  Co  aachlae.  and  the  anl- 
fomltv  of  feed  gap  width,  l.e..  the  concentricity  of  the  ccmte— piece, 
was  very  difficult  to  maintain.  The  alit  alac  tended  to  wet  first  eg 
the  riw  in  the  vicinity  of  the  feed  char- tela.  It  wae  difficult  to 
achieve  uniform  wetting  over  the  perimeter.  In  a  later  deeige.  the  four 
rectangular  feed  grooves  were  replaced  with  four  flats  trftieb  were 
slaply  filed  out  of  the  c* binder.  These  were  wot  entirely  aatlaf actory. 
since  it  was  difficult  to  fabricate  four  such  channel#  with  egwel  *low 
Impedances.  Vben  this  was  not  done  properly.  eoae  ewetors  of  the  ria 
overfed,  while  others  would  not  wet  for  long  periods  of  1 1st .  The 
solution  to  this  problem  was  to  machine  a  smell  propellant  pie—  0.1 
inch  below  the  top  of  the  centerpiece,  apy rortnete ly  0.2  Lach  long 
and  0.005  Inch  deep.  This  plenun  offered  a  lew  flow  reals; awes  reoereolr 
which  would  fill  coeplataly  with  fluid.  The  field  would  cbm  food  owe 
of  the  plena,  uniformly  wetting  through  a  0.002  Inch  feed  gap.  This 
device  produced  uniform  mission  around  the  entire  ria  within  2  hours 
after  startup. 

figure  86  shows  the  TTV  source  design  that  finally  emerged  from 
these  experiments.  The  centerpiece  la  la  two  places.  The  top  place, 
til  platinum,  is  kept  short  to  eliminate  the  conrsmCricity  problem.  A 
5-crll  deep  feed  plenum,  which  uniformly  distributes  foed  pressure-  around 
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the  perimeter,  la  machined  juat  below  the  feed  gap.  The  p lanua  la  filial 
through  four  atjuall*  spaced  chamala  aw  an  at lag  frea  a  caacral  f*«4 
channel.  TM  •  deals*  haa  graetly  laprovtd  the  uniformity  of  propellant 
vetting  around  tha  rl».  Impatnce  control  la  provided  by  a  single, 
alight  1?  c-pered  rod  lnaartad  la  the  bark  of  the  unit.  Concentricity 
of  thla  unit  la  not  Important.  Flow  passage  la  achieved  by  aonwuifermltles 
in  tha  roundsaaa  of  tha  rod. 

Tha  develc,  want  cf  a  standard,  machine- rep roduclbla  aathod  for 
Impedance  ccncrol  la  one  of  remain In |  problems  tc  ba  solved  for  tbla 
configuration.  Saver  a  1  advances  have  baan  aka  toward  tha  solution  of 
tie  preplan.  Device#  that  hava  attained  icaa  dagrva  of  success  lacluda 
a  4-all  I.D.  naadla  flow  paaaaga  of  eallbratad  length,  and  alao  a  spring 
and  plug  arrangement. 

Single  slit  axperlaanta,  mostly  conducted  with  sharp  rise  (lama  than 
1/4-wll  radlua),  hava  baan  most  auccaaaful  in  producing  uniform,  high 
Q/M  be ana  at  relatively  low  voltage.  Later  experiments  (Including  the 
seven -naadla  module  to  ba  dlactiaaad)  run  with  slightly  rounded  source 

rlns  resulted  In  higher  voltage  and  higher  I  for  tha  same  Q/X. 

•P 
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Figure  86.  Section  Drawing  of  TBf  Annular  Slit  Design 
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12.3.5  Thrift  Cmsldsrstlqns 

Tbs  ooratl  :h«rKtirliitl«a  of  cbruet  4m elty  for  •  ollt  tonta  to 
In  alcropounds  par  linear  loch  of  emitting  «4* .  The  If  or  altt 
iMwirr  (ISC)  has  reliably  demonstrated  30  to  *0  etcropoeode/lach  m4 
hos  achieved  o  nominal  upper  Holt  of  40  nlcropounds/ Inch  ot  vfclc> 
serious  ral lability  problow  sppesr.  Tho  LSC  hoo  no  ot  this  kt(k  tkrwt 
don* ley  only  for  abort  periods  (4  hours)  at  o  tf . 

Tbo  TKV  annular  ollt  goarntry  (ASC)  hoo  am  snl retag  rla  dlaswter 

of  0.086  Inch.  Sources  of  thia  typo  have  Janonstrated  thrusts  la  tho 

neighborhood  of  25-30  alcropounds  la  tho  1500  oac  I range ,  and  karoo 

ay 

achieved  thrusto  up  to  30  alcropounds  at  lewor  t  vlchout  difficulty. 

*P 

A  thrust  of  50  olcropouads  on  a  diameter  of  0.086  lack  ciirrssponda  to 
a  linear  thrust  density  of  185  ale ropoundo/ lack,  a  nunber  Much  larger 
than  the  thrust  densities  achieved  by  linear  and  double  rimed  annular 
slit  devices.  This  is  perhaps  sa  unfair  comparison,  sines  It  la  worm 
aeanlngful  to  dlscuaa  throat  density  per  unit  area. 

The  existing  technology  for  cluttering  aaedlea  la  eaaily  ax tended 
to  the  ASC.  The  extractor  hole  size  required  la  barely  nor*  than  that 
cf  a  needle— about  0.250  Inch  In  disaster.  Table  12-2  present  a  a  com¬ 
parison  among  the  needle,  linear  and  annular  geometries  that  leads  to 
the  conclusion  that  the  latter  gives  the  highest  threat  density  capm- 

bllity  la  Che  1500  second  I _  range.  The  standard  of  comparison  la 

a? 

the  36-needle  nodule  currently  under  developnaat  at  TO  (Section  6). 

Thrust  densities  are  calculated  for  both  hexagonal  and  aqua  re  packing,  the 
former  being  about  16  percent  denser  Chan  the  latter.  The  LSC  —Hhle  la 
assured  to  be  packed  with  parallel  slits  of  arbitrary  length,  vlth  a 
0.4-inch  nearest -neighbor  separation  an  used  on  the  current  TO  double 
slit  nodule. 

The  geometries  being  coshered  produce  I  ’a  of  1500  seconds  or 

ay 

greater.  The  needles  sad  ASC  operate  at  Hunter  bean  efficiencies  of 
70  percent  or  *»re,  vhile  the  LSC  operntec  bsteeen  60  and  70  parcaat. 

It  should  be  noted  that  tbs  thrusts  compared  are  not  rhtrstn  on  am  equal 
basis,  for  a  needle,  3  aletopouada  la  a  safe  upper  Unit:  for  the  LSC, 
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T^ruat  Danai'.y  Ccwpartioo  far  Varioua  Collcli  Ccctrrpts 


Packing  Gaomatry 

Goddard  Annul  -•  : 

Hex 

L-SG 

Squxr*  1 

NraraaC  NVi^hbor 

Oi •  tanc«  ( in. ) 

0.250 

0.  400 

_ 1 

1.410 

: 

■ 

Packing  Danaicy 
(par  eq.  in.  ) 

18.  5 

16 

7 

j 

ThrM*t 

(-lb.  par  unit) 

3 

60* 

Z5 

1 

Thruat  .J'anaity 
(i-lb/m-) 

55 

48 

150 

175 

150  i 

Relattva  Flow 

C  cxruxuc  tanc  • 

{par  unit) 

1 

. 

H 

2.  8 

1 

.  .  j 

Operating  Voltaga 
(W) 

»3 

18 

14 

j 

j 

1  Currant 
|  (-amp  par  unit! 

10 

200* 

70 

! 

1 

1 

i 

1 

(* 


*Pcr  )in«»r  inch. 
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60  elcropound#/ Inch  1  an  •*'  r*mm  upper  ’.alt;  (ad  for  the  A_SC ,  2) 

•  l  c  rrrpoxmd  m  la  a  reliable  nominal  at  1  V>0  mc  I  .  ntw  design  '«i . 

la  fact,  beea  run  at  100  u  1  •> -  jtark  at  Coddard  rvporti  an  liel; 

of  3C0  elcrc*pounds ,  but  t:>la  la  apparent ly  achieved  only  at  the  expense 

of  reduced  I  and  efflclencv.  Table  12-3  exemplifies  the  high  thirst 

•P 

data  points.  The  reliability  and  reproducibility  of  such  high  thrusts 
should  ha  carefully  scrutinised.  However,  by  us  las  only  2)  slo  for  the 
A SC,  we  are  coo»«rvat lve ly  comparing  what  the  ASC  does  wit  ease 
against  what  the  LSC  does  vrlth  difficulty. 


Tab.e  12-3.  Siasury  of  Hl»h  Thrust  Oats  ham  TRW  and  Codder d 


Thrust 

(ulfc) 

Source 

Voltage 

(kv) 

Source 

Current 

(uasq>) 

Feed 

Pressure 

(in.Hg) 

I 

'P 

(sec) 

Seem 

Iffec. 

(2) 

Hass 

Flow 

$2) 

0/M 

fc/'tjm) 

57(1) 

14.7 

147 

TRW 

15.3 

1336 

78 

19.0 

7,600 

81.3«> 

la. 8 

200 

18.0 

1327 

70 

27.9 

7,170 

95.4^ 

15.8 

213 

23.4 

1075 

64 

40.3 

5,340 

99<1 2> 

19.0 

300 

19.0 

1500 

57 

30.0 

8,960 

221 

18.0 

300 

Coddard 

5.3  553 

50 

l.IxlO3 

0.52 

298 

603 

59 

2.3*10* 

0.98 

(1)  Run  No.  6908-02 

(2)  Sun  No.  6908-08 

(3)  laferanca  12-2  (Stark) 

The  TRW  data  In  Table  12-3  la  taken  mainly  f row  Run  Wo.  6908-OP , 
which  waa  a  short  run  in  NRC  4  feet  x  8  feet  tank  sped  cal  1>  for  the 
purpose  of  testing  high  thrust  performance.  They  were  taken  with  an 
early  needle,  with  no  feed  plenum  and  four  propellant  feed  flats.  None 
of  the  operating  conditions  were  maintained  for  more  than  13  minutes. 

The  data  in  run  -08  were  taken  aftar  the  needle  had  been  equipped  wih 
deflectors,  whila  the  data  in  run  -02,  an  earlier  run,  were  taken  withoec 
deflectors. 
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The  Goddard  data,  wM  la  ln^caplata,  art  prevented  for  eoweerleo*. 

J 

7hw  re- reeeot  tha  highest  published  throat*  for  such  a  davit*. 

12.3.6  ^'j0*-(2;  1  i t  f^^uranc*  Test 

An  annular  .  *#dle  sourc*  vaa  run  varvectored  for  188  hour*.  The 
putpoee  of  the  run  vaa  to  .aat  endurance  and  study  th*  effects  of 
parameter  variet'ona.  This  run  vaa  » h*  flrat  vhlch  vaa  truly  dawonet re¬ 
live  of  tha  v«.to  *lal  cat  Mllty  of  th*  A NT..  Table  12-4  1*  a  eueseery 
of  data  from  thla  run.  Thla  aourc*  »a«  rua  with  a  h*atar.  Moat  of 
th*  performance  varlat  ions  are  l  ‘  •  lrvd  do*  to  either  the  af  facts  of 
taap«ratur«  variations  oa  th  -repellent  vlacoelf7  end  it*  flow  rate, 
or  to  th*  uncontrolled  rln  vet tin*  ct  lit  ion  of  the  rln.  Specific  Inpule* 
vaa  high  and  afflclencle*  ver*  ell  above  75-.  The  centerpiece  va* 

0.010  Inch  behind  tha  rln,  and  th*  been  spread  nor*  then  annul.  The 
extractor  held  at  -1.2  kv.  No  extractor  drain  vaa  obeerved. 


Table  12-4.  Sow#  Data  f row  tun  6 90 $-02 ,  th*  188-Hour  Single 
Needle  Endurance  Nun 


Hours 

Feed 

Free  *ur* 

(ln.Hg) 

Source 

Volta** 

(lev) 

Source 

Current 

(uawp) 

Thrust 

(ulb) 

I 

» V 

(wc) 

erf lc. 
(V 

Hase 

Flow 

1LKE 

sec 

Q/S 

<C/h3) 

7 

10.2 

12.8 

55 

22.0 

a?3 

78 

*.04 

3.400 

22 

$.7 

12.8 

83 

23.0 

1591 

76 

6.64 

12,500 

46 

9.33 

12.9 

100 

29.6 

1602 

80 

8.38 

11.900 

143 

12.0 

14.0 

133 

44.8 

1512 

78 

13.0 

10,000 

143 

13.3 

14.7 

147 

57.0 

1336 

78 

19.0 

7,600 

130 

10.13 

13.8 

190 

72.1 

1360 

82 

21.0 

9,OCO 

130 

10.13 

17.0 

130 

35.0 

1632 

79 

13.2 

9,700 

166 

9.73 

13.0 

100 

37.8 

1214 

77 

14.1 

10,800 

8 


» 
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T\a  aourca  adga  was  obaarvad  rif+ally  during  this  rug,  mU  pr-ypall amt 
•  uts  ware  lJ*nt  i  f  1*4  streaming  off  t  s#  r  1  a .  Tha  aid* la  rag  la*  of  the 
centerpiece  wca  obaerTed  to  her*  an  active  froth  or  foe*  £.,,?•(  (be  high 
thrust  periods,  ar.d  It  we*  Inferred  that  this  waa  -jo*  to  the  actio*  of 
high  rna  rgv  bacbat  raamlng  electrons  (farmed  baton  tba  potential  harrlar 
and  annular  needles)  oo  seeping  glTc«rol.  This  vae  further  nrlftad  by 
post-rue  observation  of  a  hill  of  «r  ia  tba  mldportlom  of  tha  ceater- 
place.  The  cutar  region  of  th«  cant  erp I  act  raaalaaj  claaa.  Thla  a  ana 
condition  hat  been  vbaerred  on  many  of  the  source#,  sad  li  la  fait  that 
ta-  format  loo  cn  tha  centerpiece  la  a  major  problem.  Ia  iat«r  oparlaaata 
with  varlou*  centerpluce  geometries,  tf^  objective  wma  tw  v»*»  ncaaa 
glvcerol  from  atravlng  cwto  the  alJportlon  of  line  caotar,  Ka.  Theme 
experiments  ara  described  In  aact Ion  11.3.10. 

12.  3.7  tpra  pona-Q*  >nd  fr'-Jos-On.  Tyo-Ver t or-E lect rode  >eaeat:h 

A  alngls  allc  tourci  with  two  factoring  electrodes  was  fabricated, 
and  prellsluarv  teaCing  *aa  ac comp  1  ished .  Figure  87a.  Is  a  view  of 
tha  extrnctor-electrode  assembly,  and  Figure  87b.  shows  a  front  rf aw 
of  tha  assembly  with  tha  allt  aourca  In  place.  Tha  deflectors  wara 
mad*  from  stalnlaaa  tubing  with  a  C.. dO-inch  T.D.  sad  a  0.010  locb  wall 
thickness.  tha  aourca  used  oa  all  vectoring  experiments  was  am  lot  ar- 
medlate  daalgn  with  tha  reocarplece  0.014  Inch  behind  tha  rim  nW  am 
annular  propellent  p lenum  Just  balou  tha  fewd  gap .  Tha  propellant  wma 
fad  In  around  tha  outi'de  of  tha  centerpiece . 

Tha  first  Cast,  tun  No.  6908-07,  was  mada  In  a  ammll  chamber  with 
a  6- Inch  pump.  Tha  aourca  voltage  wma  12.7  Ira  and  thn  currwat  warn  #5 
microamperes .  Tha  performance  w aa  tha  neighborhood  of  1470  amcomds 

I  ,  23  mlcropouada  thruat,  and  701  efficiency.  Tha  baaa  deflection 
was  photographed. 

laaad  on  cist  visible  ha  am  limits,  tha  beam  showed  a  maalnal  ay  r  a  ad 
of  *10  dagraaa  uodar  all  vectoring  condltlooa.  Fhotographs  of  tha 
ha  am  deflection  ara  ahcnM  la  Figure  88.  Tha  bam  wma  vactormd  up 
approximate ly  8  dagraaa  (Figure  88a)  and  iovaa  approx lmataly  9  dagraaa 

{FI  gut  a  88c), 
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a)  Extractor-Electrode  Aaeanbly 


b)  front  flew  with  Slit  la  Flees 


a)  Extractor-Electrode  Astcetbly  b)  front  flew  with  Slit  In  Flace 

Ft*  re  *7.  Cxperlnental  Single  Silt  with  TVo  factoring  Electrodes  * 

In  tha  unvectored  poaltcm,  the  deflectors  wara  both  held  at  7  kv  . 

To  vector,  a  voltage  differential  of  6  kv  was  applied  between  the 
electrodes.  Indicating  a  vectoring  capability  of  about  700  eolta/degree. 

The  second  teat,  luo  6900—09,  was  made  In  a  larger  (*  feat  a  1  feet) 
chaaber  In  an  arteag>t  tn  verify  t ha  visual  data  with  probe  data.  1.  » 
accuracy  of  the  visual  data  la  of  coorte  effected  by  the  Inability  of  tba 
analyala  "roceas  t'  r'ccuratalv  eccour'  for  variations  in  visual  base 

I 

Intensity,  and  the  inexact  correspond  sues  of  vlruai  ttJM  density  tr 
thrust  and  current  density.  The  accuracy  of  the  probe  data  la  alao  radar 
question  since  It  was  not  poaalbla  to  probe  the  whola  beaai  In  the  deflected 
poel  t l»n.  The  reaulte  show  order  of  asgnlruda  agreement ,  however .  The 

probe  data  Indicated  a  servewbat  lower  deflection  capability  of  1200  I 

eolta/degree. 

Table  12-S  casriiei  the  conditions  under  which  the  sectored  end 
unvwctored  prebe  neaeurenence  ware  taken.  So  significant  extractor  or 

deflector  dialns  were  noted.  The  two  seta  of  readings  ware  token  within  g 

an  hour  of  aach  other. 
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f I  rJf  *  89  tbowt  the  variation 
of  CM  with  aca’.a  for  the  vectored  sod 


» 


•joT*<ro  r+4  W— .  la  *4 ri  — 1 1  t  »tth 
prr^l<m*  Q/H  am4  I  tr« 

hltheec  at  C fx»  larter  angla*  '»af. 

due  to  the  effects  of  f  1 3 14 
enhancement.  f  l  fur*  90  1»  i 

composite  plat  of  throat  and  e  arrant 
deneltlee  for  the  vectored 
uot»c t  o  rad  VaaaM . 


Fluur*  83.  Tine  Expoeuree  of 
Bean  f row  Slit  with  Two  Vector 
Electrodes  (Bean  I»a*e  Partially 
lefleeted  In  Extractor) 


Piture  89  and  90  each  a Sow 
v-t«  -.'Ta-at;/  ^nwaitiy  cawaad  by  tsuu- 
unlfcra  watt  In*.  Th la  »u  alsoat 
certainly  dua  to  gravitational  effects, 

•  Inca  th*  Iowa r  part  of  t Ha  Ixsa 
apparently  had  a  higher  aus  flow  and 
low  0/M.  Thla  data  waa .  In  fact,  the 
flrat  solid  evidence  that  gravitational 
affacta  produced  aa  ianitrl»s  .  Tha 
centroids  In  Pleura  90  ahow  a  total 
thruat  deflection  of  about  8  degreee. 

Tha  thruat  curee  for  tha  wactorad  baan 
had  to  ba  extrapolated  rathar  arbi¬ 
trarily  for  tba  large  poeitlw  eng  lee, 
and  thla  repreeenta  a  aowrea  cf  error. 

Tha  current  density  data  Indicate  a  total 
baan  spread  of  *18*,  about  twice  that 
observed  visually.  Thera  la.  however ,  a 
fair  correlation  between  observed 
current  and  throat  danaltlea. 

Tabla  12-4  sv^aarliea  the.  other 
Important  tlna-of -flight  par neat era  as 
a  function  of  angla. 
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Table  12-5.  S  —  i  ry  of  Probed  &«**  Coodlt  loo*  for  Vectored  Sit*1 


Cs**ctor*d 

7*<tor<d 

Feed  Preeeure  (ln.H*) 

M 

1.05 

Silt  Volt***  (hr) 

13.3 

13.1 

Silt  Current  (sicross?*) 

77.0 

*0.0 

V-per  Deflector  Volt***  (k*) 

6.6 

3.1 

Lower  Deflector  Volt***  (ke) 

t.t 

9.4 

Extractor  Volt***  (ke) 

-1.8 

-1.8 

Throat  (ntcropound* 

14.2 

32.0 

M*a*  Flow  (slcro*s/**c) 

14.2 

12.3 

I  ( »*c) 

1090 

1183 

•  P 

Efflclercc  (p«rc*nt) 

82.0 

78.0 

T'M  (coul/k*) 

4,290 

6.SC3 

Tab 1*  12-h .  TOP  Sumry  for  Vector**!  and  Cnewctored  !««■  Pro? lias, 
-5*  Shift  In  Thrust  Cancroids 


An*l« 

(de«) 

Current* 

Density 

Thrust* 

Density 

I 

•P 

<SSC> 

0/M 

(c/tg) 

Efficiency 

(percent) 

-14.7 

•1.8 

19.77 

913 

4560 

71 

-  8.5 

60.7 

36.6 

*06 

2958 

79 

One*ctor*d 

0.5 

111.9 

51.9 

1042 

4946 

79 

5.0 

152.0 

54.1 

1421 

8782 

83 

10.6 

60.8 

17.0 

1533 

11855 

72 

-12.0 

28.3 

12.3 

1043 

5333 

74 

-  6.5 

53.4 

28.3 

902 

3715 

79 

0.67 

141.8 

57.8 

1140 

6141 

76 

Vectored 

5.0 

188.0 

73.9 

1304 

7340 

84 

10.5 

98.4 

34.7 

1383 

8644 

80 

16.0 

62.3 

20.1 

1555 

11375 

77 

*Hlcrossper*/*tcrsdLsn  and  Kicropounds/stsrsdisa. 
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During  R  in  sc ma  prellainarv  perfor Mac*  sepping  of  the 

anculua  wit.  r.torlng  electrodes  was  *1  wccowpl  ished .  The  resells 

are  shown  tc  Igures  91  ao4  9;.  Aa  extrapolat  loo  ot  the  data  la 

flj-ir*  91  indicate#  that  a  2  5-«i  cropound .  IjOO-veccmd  Operatln* 
point  Mr*  tx*  found  at  a  feed  pmtur»  near  5  laches  and  a  *<wjtc*  voltage 
near  14  kv.  This  pctnt  b*cn»  t tv  basis  for  a  etaodird  des  i  gn  of  • 
25-e»lcropouod  source.  The  vectored  source  used  bans  had  two  deflector 
electrodes,  but  the  ge-owetry  vae  not  such  different  *  row  that  of  a 
•ovrc#  with  thtee  deflector  electrodes,  to  be  dircuaaed  below. 

During  the  performance  mapping  of  tha  single  vettorva  xnnulua,  the 
extractor  tat  run  ccnstantlv  at  -1.75  hr.  Sow  extractor  drain  «u 
observed,  hut  al*»avs  leaa  than  3  ale roeMpere*.  Thera  ware  no  significant 
current  drains  to  the  vectoring  alectrodaa. 

12-3-8  Huaa  69Q9-01 ;  Three-Vector-tlect rode  Research 

The  roucept  of  using  three  aector  electrode*  la  a  unique  ou*  whlcn 
see*#  part  .ultrW  wall  adapted  to  the  AHC.  la  the  first  place,  the 
lilt  sorre*  is  large  enough  ( 1/S-lnch  dlaewter)  to  aecowwodate  three 
electrode*  around  ita  perineter  without  serious  fabxlcatloo  or  aas*e61y 
tolerance  proble-se.  Secondly,  the  see  of  three  vectoring  electrodee  la 
consistent  vlth  the  use  of  a  hexagonal  packing  gcoaetry  In  a  ecdulc. 

The  hexagonal  cl owe— packed  geoaetry  haw  three  principal  axes  which 
lie  ai  aetrlcally  at  angles  of  60*  fre*  each  other.  Along  these  axes 
lie  rtars  of  source*  »  paced  at  tha  nearest  orfyhbor  distance.  Between 
each  row  there  la  enough  roan  to  na>  a  vector  electrode  support  rod  for 
all  the  sources  In  an  adjacent  raw.  The  support  rods  for  each  of  the 
three  principal  nxes  wuat  lit  rt  different  levels  to  avoid  Interference 
with  each  other. 

A  th-»e-el<  erode  vectoring  wchema  wet  tried  ou  a  single  slit  source. 
Figure  93-  shove  the  arrarigenenc  of  tha  vector  electrode*  in  the 
extractor  hole  The  slit  used  was  the  sane  aa  that  of  the  T wo—* lect rode 
study  and  the  dlw-ue 4 ous  of  the  sectoring  electrode  cylinder  were  also 
the  saw*. 
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SMCIM.  iMFUlit  (ilCONDi) 


F 1  jure  91.  1>.ru(it  and  1  am  e  tenet  iom  rf  P«*tf  T  r^**«r*  foe 

■P 

Constant.  Sourc*  Vc'.t •r~:  V*ctyrmd  Sta*l«  Slit 


Flfur«  92.  'niruat  wd  •<  «  F»*ctlo«  of  Sovrcw  felta^s  frr 
MiX  T—d  Fnmrt;  Vactorad  Sl^la  flu 
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This  slit  vaa  r vn  Id  the  *  It  j  I  ft  teat  chaneat.  a»cc#s*‘ »« ly 
thrust  vectored  la  on«  plana.  «a«  thd  taw  «m  pbotogrsphed 
tTlturi?  «).  ITm  allt  performance  cioaalv  needed  the  data  found 
for  toe  Cv>-t»c  tor  -a  lact  rode  single  alit.  Im«^  on  the  visual  evidence 
of  the  photograph*,  eh#  nominal  boaai  spread  trxm  this  sour;#  v«e 
Iron  9  to  1.2  degree*.  The  baas  vectored  up  it  n  angle  of  9  degree*, 
and  down  at  so  angle  of  9  degree*. 

The  vat turf.ng  electrodes  vara  orlaatad  with  tha  gape  t  0.  12? 
and  2*0  degree*.  vith  taro  degree*  being  straight  via.  Thus  ooe  vac  tor 
sisetrod*  c< varad  tha  bottom  and  tvo  Tha  Cop.  Tha  upward  vectored 
besn  vaa  accomplished  with  tha  tvo  top  electrodes  at  1  kv.  sad  tha 
bottoa  eUctrode  at  11  kv.  Tha  downward  vac  to  rad  baaa  vaa  run  with  9  kv 
on  tha  two  top  alactrodaa  and  3  kv  oa  the  bottoa.  la  tha  worst  case 
tha  deflection  vol'ag*  vaa  10  kv,  giving  hlaoat  l’OO  voUt/degrae. 

It  vaa  aaalar  to  vector  downward,  kith  a  voltage  olffaraatlal  of  9  kv 
and  a  vectoring  capability  of  750  vt 1 ta/degrse.  Thin  eight  be 
•xpjctad  bacauee  of  tha  aayaeetrlcal  aachanl . a*n  hy  which  tha  ba—  vea 
vectored.  Again,  no  significant  drain  currants  ware  obaarvad  to  any 
of  tha  daflactor  alactrodaa  or  tha  extractor.  Tha  undaflactad  t-*» 
v«a  run  vith  tha  vector  alactrodaa  at  6  kv. 

Theaa  plcturaa  vet  —4>-.  vhila  operating  at  a  aourca  voli.  j  of 
14.4  kv,  a  current  of  95-100  mlcroaaparaa,  and  a  faad  pr^aawr  of 
Inch#*.  Tha  I  vaa  nominally  1500  aacooda,  thruat  21  ml  expounds . 
aoo  aasa  utilisation  efficiency  701. 

12.3.9  Seven  Source  Module;  500-Hour  Tyyt 

Sevan  Individual  silt  sourcas  of  tha  eoat  recast  daalgw  vara 
fabricated  and  imped sacs  tasted.  The  average  3 ay idaovs  w*  equivalent 
to  about  six  needles  par  aourca,  and  tha  laps 4 sacs  natch  wan  good  to 
only  about  121.  It  la  f«lt  that  with  wore  rare  and  batter  aacbode, 
auch  bat  tar  lapedanca  aatchaa  could  ba  obtained ,  but  it  La  not  £ art at a 
what  allowabla  tolerances  for  Impedance  matching  era  on  eoercos  of 
this  six*.  Also,  tha  lapedanca  chosen  bar*  waa  rather  low,  since 
tha  aourca*  utr*  being  daalgosd  for  high  thruat  purposes.  Tasting 
of  the  eoclula  shoved  that  a  hi pba r  lapadaoca  would  probably  ba 
desirable  (scaarhing  of  tha  ordsr  of  three  equivalent  seed lea) . 


T*e  tcrwd  T»:  ?<n*  IUctro4«« 

•t  1  k* ;  bottom  i;*ctrrxi*  *J 
11  lv 


h.  TtctorW  Oo«mi  Taf  fiectrodw# 
■C  f  kw;  »octo«  llrctro4« 

•t  1  kt 


Utrr*<torW:  Ml  Il*<t n4mm 
U  i  In 


TUm  ExpisuiM  o* 
€l«ciroO)»  (Thru* t 


k«aa  f tom  Silt  with  Thrww  Twctcrrln* 

:  :*ulb  '.  r  :  1500  •*< ;  Im 


Tha  i*Tf«  tcvrcti  «r«  Inata’.  i»i  1*  ja  uUclai  iw^U  n»**ula 

planwa  which  mi  nod: f lad  for  :ha  p>irpon4i.  'Nn  «*r«  ioatallnd  la  • 
haaagoaal  patrons  with  an  aatractnr  hoia  f Lanxn  of  0.2)0  Loci*  and  a 
Mirttt  aalghbor  apacir.g  of  0.410  loch.  Pt«  wan  naroctomd 

(flauro  9) ) . 


7 1  gti  r  a  9).  ItxporLnaatal  Jm»  Silt  *£ala,  fcwctorW 

Thn  aodula  woa  too  tad  brlafly  La  th«  *  fwt  a  i  foot  facility .  TW 
hlghaat  par foraanca  achlo-aW  la  inawirrlaad  La  Tafcla  12-7  Tho  1  al  H 1  f  ara 
currant  ana  thn  LLilc  of  th*  ayutan’a  oaaanraawat  capability.  Tba  )47-»icro- 
pound  throat  raaulta  La  a  thruot  par  Madia  af  55  ntowfanria.  kncfcatraawtag 
alactron  carraat,  aowrco  aatractnr  >m> i wan  and  gna  (atratlaa  anra  all 
prop  Iran  wfelch  warn  min  trill  ad  but  net  rnnwuad  by  kawylsg  tfca  aairactmr  at  a 
high  aat gat lan  aoltafn.  Tha  cantar  aonrca,  la  partleslar,  w  a  Malta  af 
tronbla,  juat  aa  haa  Vruo  rrparlac.^od  La  tka  peat  wit*  linijnaa  1  aaodla 
guoant  rim.  It  act  at  aa  a  focuo  pnLat  for  kackatTaaatag  alactrna  currant. 

Ita  parfonanacn  «* a  rary  arratlc  and  Lt  wna  tha  canoa  of  aurh  of  tSo  ia«rta 
extractor  bmnkdouc.  Th«  ra  «m  tamloatad  af  tar  apycoxLaataly  2  kona. 


* 

<♦ 


Tab 1*  12-7.  Par (otiMd  of  Iw  lilt  )lr>dul* 

{c«rct  Tol  ta*j  •  14.2  it  Throat  -  1* '  *1  c  r->»'~inda 

kwrct  Cnrrw(  -  1  N*  Specific  .an  m  -  *333  m< 

Extractor  foitag*  *  -*  kv  hunter  b«4  Efficiency  •  T*X 

Extractor  Current  •  *1  » aa  Hn**  T\cm  he*  *  132  ugn/an* 

r*«d  ftMMrt  •  3  i*.  as  Average  *yn  •  2512  c/h* 

Foot-  *  tuolMt  loa  >hovW  *11  one-lie*  M«ai(«d,  but  t So  t awl 2  lar 
cracne  of  ter  appeared  on  th*  c»«t«nl*ct ,  Tar  buildup  oo  th*  emir  »<nrc» 
had  already  progreeaed  elgnlf  Icandy. 

TV*  aodvil •  waa  than  op*ratad  with  cm  1  y  th*  ala  eater 

needle#  anil  ting.  TV  a  can  tar  aaadla  ew*  plugged  *p  with  wax  bee  awe  a  of 
lta  being  th*  eourc*  of  each  art  la*  and  bean  disruption. 

"m  Modulo  one  lnatallad  1*  th*  4  by  I  foot  thanbnr  (10  Inch 
diffusion  punp).  It  waa  oporstad  with  a  ataodard  hi  glvcarol  propellant 
eolation.  and  a  tlwa-of-fllght  log  «*•  hope.  TV*  tlne-of -flight  dlataoco 
waa  1.92  *atara.  TV*  collactor  waa  rue  grounda-l,  with  a  -22  volt  aeporeeacr 
*rld  aad  a  *12  volt  screen  grid  la  front  of  1  c .  TV*  na  laatad  504  hour a, 
when  li.  waa  voluntarily  terwtaatrd  ao  that  th*  aeadlee  cowl  J  he  a  rani  nad . 
and  th*  chanber  could  b*  ralaaawd  for  oth«r  axper laaa. t a . 

Tahl*  12-4  give*  a  eunnary  of  cV*  t l**-*f-f light  data  cellectnd  for 
thl*  ruu .  Th»  high  and  low  valaa*  ar*  ax  t  rowan,  and  La  naat  can  a*  ara  not 
truly  rapraa ante  t Iv*  of  th*  acattar  of  tha  data.  Th*  latter  an*  approalan  ely 
5—101,  depending  om  t ha  parwtar.  Sana  and  extractor  voltage*.  for 
•icnpli ,  nor*  ywlta  tight,  whlla  fond  praaaur*  we*  loe*«  In  acattar.  dll 
tlaa-af-f light  pars  '•taro  war*  fairly  loon*  aacapt  >  «  an  afflclancy. 

Tib*  data  ahowwd  •  trend,  which  la  11  liberated  la  th*  tahl*  by  giving 
a  nadlaa,  or  nominal ,  for  thro*  different  periods  of  th*  row;  th*  bag  la*  lag, 
th*  alddl*  aad  th*  and .  TV*  nad  lana  wwra  not  obtained  by  anal  to  la ,  bnt 
rat  bar  owr*  choaao  by  tyaball  jadgaweat,  aftor  careful  acrutlay.  They 
Indicate  •  lowering  of  par  for  ance  a*  tin*  go**  o*.  Thl*  wa*  confirmed  to 
b*  dwa  ta  th*  pm— c*  of  tar  bwlld-ap  o*  th*  ca*t*r  plug*  af  th*  enadln*. 
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Kll  alx  (onuiir  needlaa  had  'itdtpltu*  at  tar  Vlld-ep  oa  the 
:m:tr  plug*.  *t  laeet  ona  or  two  *pv*ar*4  U  have  ranched  a  height  at  1/  12 
Inch.  approaching  the  height  of  the  needle  rle  atart  It  could  eigslf leantly 
m-dlf*  the  field.  The  axtractor  had  a  lever  ef  ktr-1,  .  jppnr-lllte  euhe tones 
on  It.  vt.lrti  began  to  abeorb  water  vepcr  aftor  at-uf  ?  hour*  la  Um 
ataos'hara.  U  *»•  i«r»l  a  ad  that  tha  coating  coe  t  a  l.-ved  glycerol. 

Tab  la  12-6 

Sta  Annular  toad  la  fedule,  WO  Boer  Hue ,  Ttwaf-fltght  $* amry. 

T>  rust  an4  Flow  Rate  ara  Utieorrvc  ted  for  iff  fie  lancy  end  Eaarp  Lea  a . 


Faraeatar 

Hl*h 

_L-e _ 

had  tan 

lit  150 

hr*.  130-350 

350-500  1 

HI  Voltage  (kv) 

1*.  7 

13.0 

13.2 

13.0 

14.3 

Mtam  CcTen*  (eanp3 

3W 

150 

420 

400 

3*3 

Feed  Free*  »  (la  Rg) 

4.6 

1.6 

2.3 

2.3 

2.6 

Extractor  Voltage  Ota) 

-3.0 

7.0 

-2.1 

-2.5 

-2.7 

fat  r tic  tor  Current  Cesep) 

2.2 

0 

.73 

1.5 

1.7 

-  ^ 

Chase • r  pressure  i  10  torr 

4.2 

1.5 

30 

3.2 

2.6 

1  (»ec ) 

•? 

1643 

1359 

1530 

1520 

14 40 

Thrust  (alb) 

13* 

9* 

120 

115 

110 

“Ua*  Flow  (ugn/aec) 

44.3 

27.6 

35.0 

36.0 

35.0 

‘Thrust  Efficiency  (X) 

74.4 

64.1 

72 

70 

69 

Average  Q/H  (coul/’«^») 

13,900 

9,500 

12,000 

11,400 

10,700 

12.}. 10  The  Tar  Foreatloo  Problsn; 

b 00- Hour  Reed  la  Ue 

Whan  tha  first  annular 

eendlas 

wars 

run.  It 

nan  observed 

that 

tha  c  voter  regions  would  bacoaaa  cortrad  with  a  ’Ills  Layer  of  glycerol 
propellant  which  gradually  pelyeevlxsd  Into  tar.  Tkla  caatar  layer 
would  torn  coaaldarably  be  f  cs  becoelng  poly  rl  and.  The  fanning 
wee  canned  by  secondary  electron  boat  ardaaat  11  baaed  eg  byd  regee 
C  ae  la  the  propellant  layer.  The  electrons  reeel  ted  free  late  rheas 
colllatoe  proceeeoe  occerleg  on  the  needle  a 14a  mt  tarn  eegatlwe 
potaetlal  barrier,  where  it  la  poaalbla  for  tbs  alec  trees  to  ret ere 
to  the  eeedla.  The  yellow  g  lo*s  la  front  of  all  ope  rat  lag  colloid 
devices  la  ae  Indication  that  eU-troee  are  belag  eede.  The  effect 
oe  annular  eaedlae  la  greatest  bee  ieea :  (1)  the  errant  density  la 
.  *ch  '  ghar,  which  reaclta  la  nore  alactroea  being  liberated; 

(2)  their  larger  alas  (relative  to  tha  14-wll  eaedlea)  eases  that  the 
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rw»*ctr*  potential  carrier  la  further  4cwu*tr*aa»  tSue  cr*»tia$  a 
.art*:  voluae  tr  m  which  * *< otvl * : 7  *i t rrma  can  ratwrn  ta  the 
naedla;  ( } )  the  lirjja  nejatlve  potanti*'.  r^’ilrad  ta  b  1  an  tha  annular 
al.t  Idee  tho«  nacorvdary  a  lac  c  rom  with  aort  than  enough  aoarf y 

to  poijmeiTre  t  ha  glycerol;  aod  (4)  too  eocoodary  •  lac  t  rone  */«,  by 
the  r  -•atrjr  of  the  need laa ,  foeueed  towards  the  caatar  of  the  aneelar 
needle. 

An  otovioaa  solution  to  the  pro* loa  of  tar  forming  la  the  can tar 
of  tba  annular  eaadla  la  to  keep  the  propellant  oat  #f  tbla  ragloa . 

Tc  achieve  thla.  several  aolutlone  wara  tasted  during  Septanb at .  with 
/erring  degree*  of  success.  A  premising  approach  wne  to  drill  a 
i/)2-lnch  deep  Sola  within  tha  caatar  plug.  Drilling  such  a  halt 
concentric  with  t><*  plug  provided  edges  which,  when  proparly  poll  rhed , 
preveetec  fluid  froai  reaching  tba  can  tar  of  tha  ping.  Tha  mm 
design  with  a  Teflon  stud  tilling  tha  l/31-lsch  daap  Sola  wee  also 
triad.  Thla  design  (Flyura  94)  was  only  a  Halted  auccaaa.  It  waa 
Intended  t.*t  tf>»  non-watt  log  Teflon  would  keep  tba  p  rcpwi lent  away 
from  tha  -Mttr  uf  tha  plug  but  tha  Teflon  aurfaca  hacaaa  activated 
after  aawaral  hour*  of  oparacloo  and  atartad  watting.  Thla  activation 
waa  probitly  tha  raault  of  electron*  bontardlng  tha  Taf loo  aurfaca 
during  operation.  Tha  Tafioo  plug  ana  removed  prior  to  tha  neat  run . 
In  that  rat,  we  railed  upon  tha  action  of  vnrfaca  tana  loci  on  tha 
adgaa  of  tha  bo la  to  prevent  fluid  Iron  penetrating  Into  the  caatar 
of  tie  plug.  Thla  worked  well  for  2  day*  at  90  daap  but  around 
tha  30th  hour  of  operation  tha  fluid  hngaa  cc  peace rata  to  the  caatar 
of  tha  plug.  Upon  renewal,,  microscopic  Inspection  Indicated  that 
w&lla  tha  fluid  had  bean  kept  away  from  tha  center  during  none  of 
the  nan,  than  waa  a  gradual  buildup  of  ter  at  tba  adgw  of  tha 
1/1 2- Inch  daap  Sola  when  tha  inner  (wmlacwa  of  tha  fluid  waa .  Thla 
tar  appeared  to  act  aa  •  wick  far  propellant ,  avsytaally  drawing 
(laid  Into  .ha  canter. 

Two  ocher  approeebea  warn  tried,  elan  with  limited  auccaaa. 
la  ora,  a  Teflon,  hat  waa  placed  ta  tha  ping  to  cowar  tha  Inner 
aanlervi  (Figure  97).  Thla  daolgn  wee  intended  to  protect  tba 
ami  ecu*  region  fran  electron  b  und  ■  ritnee  t .  It  wna  naonccneafnl, 
bamr,  an  tba  non  la  cue  auccaadad  la  reaching  an  aipnaad  area  on  rhn 
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prchnhly  •  moult  g  f  <k«-«i‘.  '  ;m  nntLl:ig.  Doeo  Cor 
f.'PMttg*  M  laltlatad  around  to  nca»a ,  cfaa  p r opn 1 1  an  t  »«*c <  o-ric.od 
la  cltatlag  wato  tha  aetimtod  Tofiaa  Ri’iic*. 

Tha  laa (  approach  triad  on  pamapo  *. V*  Uaat  ohriona,  t«4 

prpuad  ta  ft*  a  good  Jaul  nora  anccaaafoi  than  «nt  *c  t^atad.  TIm* 

naa  t Uo  aupla  nspadiaat  of  lotting  pcopa  H  -~-f  carat  1 1>*  anti,?* 
caster  plug. 

la  tlila  nparlamt,  an  aaaalar  mad  la  ma  cnuratad  for  t-.O  Wi 

with  llttla  algal f leant  tar  foraatloa.  Tha  r.-i  waai  tarn lane ltd  kp 

a  lawa  accidaat.  Tha  thruat  una  tap’.  hatuaaa  15  and  i’ll*  1>,  tha 

I  batvaaa  liIQ  and  1 1  SO  aacotd*.  gracing  roltagoo  aara  II. t  kw 
*P 

on  tha  aaadla  and  -1.5  It  on  tha  aitracut.  Tha  currant  aarlad 
>atwaan  *5  and  tOpaap.  Thla  aaadla  aaa  4aa  lgnad  t*  oparata  with 
tha  piT^llaat  c  uplatalp  caaar.aj  tha  cantor  ping,  although  tha  faad 
waa  atlli  through  tha  cone  ant  r  1  c  apnea  ha  tun  an  tha  ettntar  plug  and 
ontar  wall.  Tha  prop* « laat  conrad  tha  plug  to  a  dupea  of  approalnatolp 
15  nlla  at  tha  ahallowaat  part,  iftar  a  dap  of  opuratiaa,  tha  cantor 
roglon  hagaa  ta  bubhlo  occasional  lp,  hat  riaaland  tar-ftna  and  tha 
fluid  man  land  claar.  Tha  hnhhllng  anggnnta  that  tha  cant»r  rnglan 
dwmlopnd  a  rathar  high  contone  rat  ton  of  gaa  <ion  to  alactron  how- 
hardwant  hue nan a  of  a  lack  of  fraah  propallant  f Ion  tatn  thla  rag 1 on . 
DanpLto  thla  atagnaat  condition  In  tha  cnaeor ,  thara  nan  arwwgh 
transport  of  prop*  1  last  oat  of  thla  rogloa  ta  pro  rant  dan  Wlldnp 
of  tar.  Thara  waa  a  tar  hnl ldnp  on  tha  one or  rln  ot  tha  onndla. 

Vat  It  ana  ant  naarl*  an  Largo  ar  tha  nmat  pradnead  la  tha  cantor 
af  tha  naodlaa  dnrtag  tha  >0>-hnur  ran  with  tha  ala  nandla  aadnla. 

1o -and ary  alnctrana  hcrahardlag  tha  anadla  etna  {raw  tha  antrnstar 
and  f ran  tha  ha an  Itaalf  dna  to  charga  anchango  and  hnan  pnrtlcla 
latarnctlana  occarrlag  wlrhla  tha  patnatlal  ha-rlar. 

Tha  aloctmna  produce*!  within  tha  taa«  can  ha  radneud  la  annhac 
hp  nalag  a  awallar  owtrattor  hnla  ahlch  mdacaa  tha  wlw*  nf  apnea 
pro  due  lag  thann  alactrona  hp  aawlng  tha  potanttal  hnrriar  cloaar 
to  tha  aaadla  teg.  Cut t lag  — ap  aona  of  tha  ontaVda  notarial  an  tha 
ahanh  ot  tha  aaadla  wt '. .  hang  a  *  In  liar  affaet  (tha  onlttlng  rln 
^a  99  nlla  In  d lan* tar  hat  tha  ahik  of  tha  wailoi  wna  113  nlla). 
Anothnr  tachnlgma  tAlth  rcmld  ha  uaad  la  rnahaplAg  tha  arrtrnc tor  halo 
aa  that  anlp  a  aialnol  aooat  af  tha  aur f  ac  «  rtmek  hp  tna  loan  la 
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t*  km  a  trajaecary 


la  •  po<*Ulo*  that  will  pa1"*!*  aarondary  aloctr 
*;.l  will  lac  iSa*  atrlka  th*  ***4  la  •  Sock  aa  aatr* ctor  mU  km 
a  t  lac  uptnrr  mr(tc«  float)  with  cha  m><  1  a  rta  a*4  a  half#  wyt  aa 

tha  astractor  kola  trick  Juat  a*aa«h  rarflaa  .o  olialaata  alaatra* 

aalMlot . 

<>V*r at  la*  th*  caaur  si  tha  anawlar  *«*4la  1111*4  trick  yrsyllaat 
lacroaaaa  tha  aawat  of  ytoyoliaat  roaparaclcg  aa  tha  aaadla  41  aaatat 
la  lacra «a«4 .  TS*»  »«n  *fa*oiato<4  fra*  tha  —a I ar  walla  >  aa 

f  oilcan: 

i;.  1. 11  traporacad  *U»a  T T k 1 1  ctt 

o 

fc>apora;l<sa  rac#  of  ilyrtrloa  at  2*  C  (F  •  2.i  x  10  tarr)  la 

flow*  hr 


9  > 


j 

gtkj'  cn~  nc 


vhara 

t  “  proaaura 
I  ”  Atrof*4ro'a  nuabar 
N  -  | r aa  aolacwlar  wal^ht 


a  •  cha  aua  at  tha  myaratlai 

a  to* 

I  *  laltnaa'i  coaataat 
T  •  tha  afcaoluta  taaqtara  ,ra. 


Siaca  tha  Alaaatar  of  tha  aaaalaa  la  0.059  lack,  cha  haarl  apharlcal 
aarlaca  aatlttlng  a raa  la  S  -  Iry*  -  O.Ofl  ca^ . 

Th*  evaporating  aaaa  •  ■  i  S  •  M  t  10  ga/**c. 

Tha  parcaataga  of  aaaa  evaporated  coopered  ta  that  carried  by  tha 
haaa  la  4.11,  nr— i-*  25  a  lh  f  1500  aacoad*  ray* Ira*  7.5  a  10~*  jaa/c*4 

mk  .  Th*  y  raa  aa  ca  of  Xal  La  tha  f.  opal  law  t  Aaycaaaaw  lb  *  oapar 
ymaara,  according  to  taoult'a  Law,  fro*  U  5  ca  17  ■  *  ry  a*d 1  a*  ay  a  a 

whether  tha  'tal  coa*lataly  41aaaaoclataa) ■  la  addict**,  there  awy 
ha  a  fart  hat  drop  La  th*  avay  n  at  tow  rata  11  a  higher  caaraatxaCla* 
at  Xal  axiata  at  lb*  ovrfac*  ha c aaaa  of  tha  glycarta*  aw  apart!**. 

Taata  m  tha  awowat  of  yropwllaat  evaporation  rare**  tlaa  caa  ha 
aaaa  to  atudy  this  effect.  It  haa  alas  haaa  r*y*ct*d  la  th*  Li  Cara  Cara 
that  th*  actual  a-«perat Low  rota  of  glycerine  lata  a  oacaa*  La 
actually  0.05  that  yradlctad  hy  kinetic  tharwy .  ha  at*,  hw.uwr . 

•way  1  elm*  >t  that  atataaaac  and  faal  It  need*  fart  bar  tpcrl  aaar  a 
verification. 
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l.’: .  J.  1 2  Thn.  at  Factoring;  h-Maa4i»  A mu  ’.  iT  'Pnii  .# 

A  a»kl«  coaalaclng  of  •  Tattotakli  llaaar  art  ay  of  ala  anaalar 

fakrica(a4  oa4  taatad  4ur  1 114  OctsAar.  A  pbat^nrapA  of 

Ika  amtala  lA  abowa  la  rlra.a  A*  mrvd  flfir*  4A .  T"Sa  aodjia  «u 

ofavttaf  for  f k  Uan,  <kria|  Alch  tLa  tha  baaa  aaa  mtoiif  orrat 

a  raft**  of  l A  dagraaa  (*^’°)  at  tfcnaata  of  13C*ik  for  a  11)0- aacoad 

I  W«.  For  th!i  throat.  I  ,  ao4  daflvctioa  tSa  »*td la  ml  tag* 
#F  •? 

aaa  1*  5  At,  tha  aaa«>*  currant  AOi' M  tmp ,  Lid  tSa  &•?'  .actor  rottagaa 
10  aa4  7  k* .  TSa  rua  «*a  tar*laata4  haeaaa a  two  of  tha  A  a«ad  iaa 
(Vo.  5  aod  Vo.  a)  coal  4  act  ha  aa4r  to  awlt  prof*  1 1  y .  TWca  aaad  Ira 
&ppaara4  to  ha  plugga4  up  mod  alaoat  all  of  t ha  carrvat  waa  aalttad 
froa  tSa  othar  A  aa  *41aa  .  Tuaaa  {varrlcalar  aaad  1  aa  haraaa  p  lug  gad 
**r#r al  tUaaa  during  prr  raa  1  apail anca  uaaaarr— ata .  fha  hack 
(leaking  a^aroatly  414  ant  coagiataly  claaa  oat  tia  lntai  lora  ao4 
tka  propallact  aatralna4  tha  main  log  particlaa  a»4  rataroaj  thaa 
to  <*• ra  tha  preatowa  klockaga  ka4  occwrra4. 
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n*x*r«  98.  Tc-p  Vlav  ‘^ookiaf  >»o  on  txtnctar  Oafiactor 
Tloctrrxl**,  *nd  VlmUt  V*11m  of  120  wife 
Throat  VrctorobV*  . 
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1.:-l  M.  Hubarswn  *rxi  ?.  li di.  "Cfcarjad  P*rtici«  tl*ctr»#s.*tlc 
Thruataro,’*  AJA PL-T1-A9-14,  J'arch  1369. 


(.,'-2  ^«rmcCh  V.  Stark,  tV»*ljn  and  Deral at  ea  Aaaw las’  Slit 
Ctfllj'd  Thruat’f.''  AIAA  pap«r  *o.  69-237,  7th  llaetrical 
Ptvpjlsloa  Cewfaraaca,  Willlauburg,  Va.,  March  1969. 
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IIS  Converter  OyaTatluo 


Figure  A- la  iiijetratas  tha  basic  IM  circuit,  rayy lying  *  load 

rtiii.nci,  I.  Tha  euergr-etorage  Inductor,  l,  Has  a  linear  Fla  nrn» 

Wi>  charactei  letlc  with  •  « l op* ,  I.  It  ha*  a  yrteerv  grinding,  i.  ,  sod 

2  1 

•  eecoodarv  winding,  4,,  with  eayaet  it  lag  loductancae  1,  •  O.  and  l,  • 

^  A  A  1  4 

C»‘,  respectively.  The  translator  svltch,  Q,  la  externally  uatrelltd 
* 

to  turn  oo  and  off  cyclically  within  a  tine  period .  T.  A  steady -let# 

oye-attn*  cvcle  of  this  circuit,  with  leant  voltage  a.  «*vd  owcpec 

is 

voltage  a  can  ha  deecrlted  aa  follows. 
o 

During  tha  tint  Interval  T  ,  the  transistor  la  switched  aa  by  the 

o*\ 

beat  drive  circuit  and  the  'arrant  1 j  la  causes  tha  Inductor  to  absorb 

m*r»f  fro*  the  l.rput  aourca.  Heaowhila,  diode  Cl  block*,-  ;sy  current  la 

or  ,  a  given  quantity  of  energy  la  et">r*d  In  tha  ladixtrr  daring 

T  When  Q  la  turned  off,  the  WCF  tout  Innit y  depended  by  the  induct  or 
oo 

cauaee  1,  to  flow  laetedlately  through  tha  diode  to  charge  tha  filter 

capacitor.  C,  and  load,  1.  Tha  energy  stored  la  the  Inductor  during 

T  la  thus  relax  ted  to  C  and  1  during  T  . 
on  off 


'igure  A-lh  Illustrate*  the  circuit  weveforo*  during  cm  rtaed;  * 

atate  operating  cycle,  eeevaeing  ideal  co a^oecota  la  Figure  A-lv.  Toltaga 

a,  •  a,  acroee  1  during  T  ,  cauaei  *  to  lac  rases  frost  1  tv  1  at  < 

1  in  l  oo  1  t  e 

coc'ant  rata  e  /TJ  ,  while  1,  la  0  in  h,.  Ac  the  wad  of  1  ,  tie 

In  1  2  2  oo 

coot lm>oua  J*(F  acting  oo  the  Inductor  cauaee  1^  •  W ^  /H ,  to  alar,  flour¬ 
ing  in  llj  ****  decreasing  at  a  cooat ast  rate  a^/TO^.  ft*risg  thla  t use 

lntarva.1  T  ...  I,  “  0.  Since  tt#  lncreaee  of  WTF  I ,41,,  dwr lag  T  , 
off  1  11'  *  oo 

should  he  Identical  to  the  decrease  la  WOT  during  T  , , 

of  t 

oy>« rat  law. 

>i\.  (•„'**!)  •  *j  T..f 

frao  which 


for  steady  state 
\  U-1) 


a  3,  T 

_i._2._2S 

a.  *,  T 

la  1  off 


U.2) 
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I 
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A-l 


dc  o;t 
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(b)  CUCUIT  WAVEFCXM5 


io)  8ASIC  C’tClHT 


fljvr»  A-l-  '  Concrpt 


Thua .  4*«pK«  a  variation  13  input  a  caaacaat  iwtpvt  volt  49a  (M 

b«  ualntalnad  hp  controlling  tS«  ratio  "T  ^  rich  tha  fcaaa  drivw 
clrx  ult . 

flgura  A-2  shown  tha  circuit  ravnfora a  t^nfarn  aai  attar  tha  Ktwraci 
of  'Jk  output  abort  at  1  -  t  j  aham  tSa  pcwar  traaelat at  Q  ia  coarfuetlag. 
Currant  i ^  dona  act  Ucraaa*  ahruptiv,  a a  Q  aw*  aalp  tha  induct  or  with 
iadactacua  and  not  tha  abort  circuit  la  the  owe  pert.  Mi  11a  *j  T^li ^  » 

*,  T  Ai,  for  aach  c -pcla  ha f ora  tha  abort  c-iadltlaa,  I,  TA1,  * 

S ,  ToffAlj  •  0  aftar  t  -  r,  aa  tha  output  voltaga  bacoaaa  0  faring  Tq^. 
Tharafora,  tha  currant  la-xal  o  '  ^  ia  ataadllp  Utnaaa<  on  aach  auctaadlag 
cvcla.  Tha  spa  tan  can  ha  shut  douu  2rp  a  curraa4  -aaaa leg  circuit  (for 
asaapla,  aftar  tha  fourth  cvcla  aa  indicated  ia  Figure  A-2)  ac  aa  not  to 
allow  tha  aoarjT- aroraga  inductor  to  go  lata  aacuratiow  and  emtaa  a 
currant  rurja  in  0.  Tha  «::otad  uaargp  of  tha  Inductor  goaa  la  0  following 
•vataa  shutdown,  and  tha  arc  la  ant lagulahad.  WCiaa  poaw r  la  tvraad  ow 
again  aftar  tha  runoval  jf  tha  abort  circuit,  tha  iipvt  currant  and  tha 
output  voltapa  gradually  huiiJ  up  to  Chair  raapactivc  staadp-utoca  relwan 
maul  ting  la  a  soft  turn-on .  Thua,  during  at  char  a  startup  cr  a  aavait 
output  sbvrt ,  00  povar  caudlcl  nilng  cowrj oaaac  fa  auhjactad  to  ascaaalva 
atraar  f  roa  voit»ja  or  curmt  traaaiaata.  Tala  ia  1»  cent  rant  to  tha 
■ova  coovujt iooai  Jaalgna  wfur.ru  haavp  la-ruah  curraat  nap  occur  during 
startup  and  aa  output  short  la  sutlactad  heck  to  tha  ptnmr  iwurta  within 
a  half-cptla  of  tha  cycratiog  fraguanep.  This  imuainp  of  tha  poawr  com- 
p-ooan ta  la  tha  "aoarjp  iadllof”  circuit  to  hlgh-woltaga  and/or  high-curruaC 
transients  graatlp  anhaocaa  tfta  apataa  r*llnkllitp. 


cwcurr  vn«D 


£KX’**4aT  CO»»*5CL  Cat*  8  40 


am  •«"*»«  •  « e  ,  m 


V.*  S  -  *•'*  ?ark 
*  *  i‘~r  f  ■.-  Jo»r*i. 


S  aaai  ft  *4 


C*'.  Ifgmli 


Chirred  Droplet  Elect roetatlc  Thruster  Sxcmu 


*rr-'r*  4 _ ‘  l 


Hawood  Sbaltoo.  Charie#  y.  Leer ,  FMlllp  W.  Kidd,  Ha rebel  1  I . 
bartrarsu  F.  Farber,  Valter  F.  Irlrr* 


FJJelS-b’J-C-lllA 


*  **n.  1C  »  •« 


•  ▼  *  *  «  M«  -e  * 


AFAPL-TI- 70-31 


Copies  of  thli  report  should  not  be  returned  unlaas  return  Is  required 
bv  aecurlty  coos ld« rat  ions,  contractual  obligations,  or  notice  on  a  specific 


dr'C-TW'-t  . 


■»  *eo*oo*<e«  »i  v  *»•*  •  <  *• 


Air  Force  Aero  Propulsion  La ’.oratory 
Air  Force  Syataaw  Cc— sod 
Wr  labt-Pattaraon  Air  Force  I-»se,  Ohio 


A  pro* real  to  develop  sod  advance  the  technology  needed  for  practical  colloid 
propulsion  flight  syatee  la  described,  A  100-nlcropound,  1 5C >- second  aveclflc 
Ispulsa,  vectorsbl*  colloid  thruster  concept  has  been  developed  end  tested. 
Several  neutraliser  concepts  and  their  Interactions  with  the  colloid  bens  plsson 
potential  are  discussed . 


Street  thrust  i r aeiraeanr ■  have  been  correlated  with  tlos-of -flight  cal culatl  oa 
for  various  100— eicropound  colloid  thr  star  concept*.  Several  propellant*.  Including 
liquid  sat ala ,  have  been  Investigated.  The  feasibility  cf  pultad  sad  AC  colloid 
propulsion  has  bean  investigated.  Parlous  single -needle  colloid  asparlrsrnta  were 
performed. 

A  prvllntnsry  power  conditioning  approach  for  a  1-elllipound ,  orthogonally 
thrust  vectorsMa  ctilolu  r- term  has  been  developed.  The  anticipated  affects  of 
synchronous  orbit  solar  radiation  on  seed Is  operating  taspersture  have  been 
axanlned. . 
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